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CERTIFICATION 


The Hewlett-Packard Company certifies that this instrument was 
thoroughly tested and inspected and found to meet its published 
specifications when it was shipped from the factory. The Hewlett- 
Packard Company further certifies that its calibration measurements 
are traceable to the U.S. National Bureau of Standards to the extent 
allowed by the Bureaw’s calibration facility. 


WARRANTY AND ASSISTANCE 


All Hewlett-Packard products are warranted against defects in 
materials and workmanship. This warranty applies for one year from 
the date of delivery, or, in the case of certain major components listed 
in the operating manual, for the specified period. We will repair or 
replace products which prove to be defective during the warranty 


period. No other warranty is expressed or implied. We are not liable 
for consequential damages. 


For any assistance contact your nearest Hewlett-Packard Sales and 
Service Office. Addresses are provided at the back of this manual. 
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CODE LIST OF MANUFACTURERS 
SALES AND SERVICE OFFICES 
MANUAL BACKDATING CHANGES 


ACCURACY: 


FREQUENCY RESPONSE: 


INPUT IMPEDANCE: 


POWER SUPPLY: 


SIZE: 


WEIGHT: 


RACK MOUNTING: 


ACCESSORIES 
AVAILABLE: 


SPECIFICATIONS 


1 to 300 volts full scale in 6 ranges: 1, 3, 10, 30, 100, and 300 volts 
AC or DC and 0-1000 volt range DC. Resistance 0.2 ohm to 500 meg- 
ohms in seven ranges. Mid-scale reading of 10, 100, 1,000, 10,000, 
100,000 ohms, 1 megohm, and 10 megohms. 


+3% of full scale on all ranges on sinusoidal AC voltages and DC volt- 
ages. The AC portion of the instrument is a peak-reading device, 
calibrated in rms volts. Ohmmeter accuracy is +1 ohm at mid-scale 
of RX1 range, +5% at mid-scale of all other ranges. 


Frequency response is flat within+1 db up to 700 mc and drops off less 
than 1db at 20 cps. Probe resonant frequency is about 1,250 mcand an 
indication can be obtained up to 3, 000 mc. 


Input capacity is 1.5 pf; input resistance is 10 megohms at low frequen- 
cies. At high frequencies resistance drops off due to dielectric losses. 
DC input resistance is approximately 122 megohms for all ranges. 


The probe is approximately 1" (2.54 cm) diameter and 4-1/2" (9. 4 cm) 
long. It is equipped with a ground clip, and the connector may be sol- 
dered to the point under test. Adapting connectors are available to 
measure voltages in coaxial transmission lines. 


115/230 volts 10%, 50/1,000 cps, 40 watts. 
Cabinet Mount: 11-1/2" (29.2 cm) high, 7-3/8" (18.7 cm) wide, 8-3/4" 
(22.2 cm) deep. Compartment at rear of instrument stores probe and 


test leads when not in use. 


Cabinet Mount: 12 lbs.(5.4 ke); shipping weight approximately (7. 65kg) 
Rack Mount: 12 lbs.(5. 4 kg); shipping weight approximately (9. 0 kg) 


Available on standard RETMA 7" x 19" panel. 


(71,5) @ 31 
632 


(176,0) 


NOTE: 
DIMENSIONS IN INCHES AND (MILLIMETERS) 


11039A Capacitive Voltage Divider, 25KV max., requires 11018A 
Adapter. 

11040A Capacitive Voltage Divider, 2 KV max. 

11042A Probe Coaxial''T'" Connector, for Type 'N' systems. 
11044A DC Resistive Voltage Divider, 30 KV max. 

11043A Coaxial ''N'' Connector, adapts to Type ''N" systems. 


FREES 


ATRO IO 


ouwe 
ee 


410B Vacuum Tube Voltmeter 


The a-c probe shell, the common ground clip lead, the instrument) chageae 
and cabinet, and the green grounding lead in the three-conductor power cable 
are electrically connected together at all times. When the NEMA connector 
is used in the proper manner, a ground path is established between the 410B 
and equipment which is also grounded. Do not connect the ground clip leadgon 
the a-c probe body to any point which is not at ground potential becausem.e 
short circuit will be created. If such a measurement is necessary, discon- 
nect the NEMA ground in the power cable by using an adapter with the ground- 
ing pig-tail removed, and the cabinet insulated from ground. THE 410B CABINET 
WILL BE AT THE SAME POTENTIAL AS THE NEGATIVE CLIP LEAD. CAUTION MUST BE USED 
IF THE CLIP LEAD IS CONNECTED TO A POINT WHICH IS MORE THAN A FEW VOLTS OFF 
GROUND. BECAUSE OF THE POTENTIAL HAZARD TO PERSONNEL, THIS METHOD IS NOT 


RECOMMENDED. 


One side of almost all power distribution systems is grounded. Extreme cau- 
tion must be used if direct measurement of power system voltages is at- 
tempted. If the ground clip lead is accidentally connected to the ungrounded 
side of the line, severe damage to the 410B is possible because of the short 
circuit created. Power line voltages can be safely measured by using the 
probe Tip only. Contacting the grounded power conductor will give a reading 
of O volts while contacting the ungrounded lead will give full line voltage 


reading. 


The 410B is designed for the measurement of audio and r-f voltages and as 
excellent for this purpose. In normal practice these voltages are almost 
always measured with respect to chassis ground and no concern need be given 
to grounds. D-C voltages can almost always be determined by measurements 


With respect to ground, either directly or by subtraction, 


1-1 GENERAL DESCRIPTION 


The “) Model 410B is a laboratory quality volt-ohm- 
meter that has been especially designed for making 
accurate voltage measurements in the frequency 
range from 20 cps to over 700 mc per second, with 
useful indications at frequencies as high as 1500 
megacycles. The instrument has full scale a-c 
ranges of 1, 3, 10, 30, 100 and 300 volts, with 
an input resistance of 10 megohms at low frequen- 
cies, shunted by 1.5 puf. Dc ranges are provided 
with full scale values of 1, 3, 10, 30, 100, 300 and 
1,000 volts. The dc input resistance is approximately 
122 megohms on all ranges. The ohmmeter ranges 
have mid-scale values of 10, 100, 1,000, 10,000, 
100, 000, 1,000,000, and 10,000, 000 ohms, Accurate 
resistance readings from 1 ohm to 500 megohms are 
easily made. 


The meter scale calibration is very straight for- 
ward. All dc voltage ranges and ac ranges 10 volts 
and above are read on two black scales calibrated 
0-1 and 0-3. Due to non linearity of the diode at 
very low voltages, the 1 and 3 volt ac ranges are 
read on special, separate, red scales. 


All resistance readings are made on one OHMS scale. 
Figure 1-1 is a drawing of the 410B meter scales. 


Figure 1-1. Meter Scale Calibration @ 410B 
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SECTION | 
GENERAL 


Power for the ohmmeter circuits is supplied by the 
instrument power supply which eliminates the neces- 
sity of using any battery with its attendent mainte- 
nance. 


The high accuracy obtained with all voltage measure- 
ments makes the ¢) Model 410B useful for a wide 
variety of laboratory and field applications, especially 
in high frequency work. Construction of the a-c probe 
is such as to enable the operator to minimize lead 
length and input capacity, factors which usually re- 
strict the high frequency range in instruments of 
this type. The wide range of a-c and d-c voltage 
and resistance measurements combined with con- 
venience of operation make the 410B very useful for 
all types of circuit testing and trouble shooting as 
well as development work. 


1-2 POWER LINE VOLTAGE 


When the instrument leaves the factory, the dual 
115 volt primary windings of the power transformer 
are connected in parallel for operation from a nominal 
115 volt source. If operation from a nominal 230 
volt supply is desired, the windings may be easily 
reconnected in series. Refer to the schematic draw- 
ing for details, Install the correct power line fuse 
as listed in the Table of Replaceable Parts. 


1-3 THREE CONDUCTOR POWER CABLE 


The three conductor power cable supplied with this 
instrument is terminated in a polarized three-prong 
male connector recommended by the National Elec- 
trical Manufacturers' Association. The third con- 
tact is an offset round pin, WHICH GROUNDS TRE 
INSTRUMENT CHASSIS when used with the appro- 
priate receptacle. To use the NEMA connector 
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in a standard two-contact receptacle, a three-prong 
to two-prong adapter should be used. The ground 
connection emerges from the adapter as a short 
lead which should be connected to a suitable ground 
for the protection of operating personnel. 


1-4 ACCESSORIES 


The 410B is not furnished with any accessories, 
however a number of special accessories are made 
by @® which extend the a-c and d-c voltage range of 
the instrument and facilitate a-c measurements in 
coaxial systems. A description of these accessories 
and their specifications is contained below; the ac- 
cessories are shown in Figure 1-2. 


a. Model 11040A Capacitive Voltage Divider 

The Model 11040A Capacitive Divider shown in 
Figure 1-2a extends the a-c voitage range of the 
410B Multimeter to 2000 volts rms. The divider is 
for use at frequencies above 10 kilocycles. Voltage 
division is 100:1, +1%, and the input capacity is ap- 
proximately 2 micromicrofarads. 


b. Model 11039A apeciye Molle Divider 

The Mode apacitive Divider shown in 
Figure 1-2b extends the a-c voltage range of the 
410B Multimeter to as much as 25 kilovolts. This 
divider permits measurement of extremely high 
a-c voltages such as are encounterd in dielectric 
heating equipment and similar applications. The 
frequency range of the divider is from 25 cps to 
20 mc, although as frequency increases, the divider 
is de-rated to limit the r-f current flowing through 
its capacitors. A fixed gap is provided so that break- 
down will occur if the applied voltage exceeds about 
28 kv at low frequencies. Voltage division is 1000:1, 
+3%, and the input capacity is 15 micromicrofarads. 
An adapter, @ 11018 A, is also required to connect 
the 410B AC probe to the shielded banana plug fit- 
ting of the 11039A. (The 11039A fitting is designed 
for use with a 400 D type meter. ) 


c. @Model 11043A Probe Coaxial ''N' Connector 
The Model 11043A coaxial connector shown in 
Figure 1-2c allows the a-c probe of the 410B Multi- 
meter to be connected to a 50-ohm coaxial line. 
The connector uses a female type N connector and 
a receptacle for receiving the a-c probe of the 410B 
voltmeter. No terminating resistor is included. 


d. @Model 11042A Coaxial 'T'' Connector 
For measurements at the higher frequencies 
the special T-joint shown in Figure 1-2d has been 


designed for connecting the 410B Multimeter across 
a 50-ohm transmission line using type N connectors. 
The T-joint has been designed so that the connection 
of the multimeter into a transmission line circuit will 
not cause a standing wave ratio greater than 1.1 at 
500 megacycles and 1.2 at 1000 megacycles. With 
the aid of this device, measurement of power travel- 
ing through a transmission line may be made with 
reasonable accuracy to 1000 mc. The usual pre- 
cautions must be taken to provide accurate impedance 
matching and the elimination of standing waves along 
the line through which power is flowing. By using a 
dummy load at the receiving end of this T-joint, 
power output of various devices can be measured. 
In many applications power going into a real load, 
such as an antenna, can be conveniently measured 
up to frequencies as high as 1000 megacycles with 
good accuracy. 


e. @ Model 11044A DC Resistive Voltage Divider 

€ Model 11044A de voltage divider shown in 
Figure 1-2e extends the dc voltage range of the @ 
Model 410B to a maximum of 30 kilovolts. Division 
ratio is 100:1, +5%, and the input impedance is 
12,000 megohms. This probe offers maximum safety 
and convenience for measuring high voltages such 
as in television equipment, etc. The maximum 
circuit loading is 2.5 microamperes. 


1-5 INITIAL ASSEMBLY OF THE PROBE ASSEMBLY 


The 410B is shipped from the factory with the probe 
assembly packed in a compartment accessible by 
removal of the rear cover. The banana-plug con- 
nector should be plugged into the bottom of the in- 
strument and secured with the two machine screws. 


1-6 METER MOVEMENT MECHANICAL ZERO 


Whenever the meter pointer does not indicate exactly 
on zero, the pointer should be reset to zero. For 
most accurate positioning of the pointer, turn the 
instrument on for about 15 minutes to allow it to 
reach operating temperature. Turn off the power 
and wait at least 30 seconds for the capacitors in 
the instrument to discharge. 


The adjust screw is in the meter frame at a mid- 
point immediately below the meter face. The ad- 
justment is made properly only when the pointer 
is traveling in the opposite direction to the turn of 
the adjust screw. Although the adjust screw may 
be turned in either direction, a practical procedure 
is to turn the screw in a clockwise direction until 
the pointer starts to swing back toward zero. Then, 
still turning the screw clockwise, bring the pointer 
(now traveling counterclockwise), back to zero. 
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1-2a -hp- Model 11040A 
Capacitive Voltage Divider 


1-2b -hp- Model 11039A 
Capacitive Voltage Divider 


1-2c -hp- Model 11043A 
Probe Coaxial ''N" 
Connector 


1-2d -hp- Model 11042A Coaxial ''T'' Connector 


1-2e -hp- Model 11044A DC Resistive Voltage Divider 


Figure 1-2. Accessories for Model 410B 
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PILOT LIGHT 


OHMS 
FULL SCALE 


ADJ. AC ZERO ADJ. 


DC 


ZERO ADJ. RANGE SWITCH 


COMMON (GND) LEAD 


OHMS PROBE (RED) 


DC PROBE (BLACK) 
FUNCTION SELECTOR 
AND POWER SWITCH 


AC PROBE 


GROUNDING CLIP MP-S- 578 


Figure 2-1. Model 410B Controls and Terminals Labeled 


2-1 OPERATING CONTROLS AND TERMINALS 


A description of each of the front panel controls, 
the test probes, and the meter follows: 


SELECTOR - This five-position switch turns the 
instrument on; provides for measurements of nega- 
tive or positive d-c voltage, a-c voltage, or re- 
sistance; and connects the appropriate probe for 
the desired measurement. 


RANGE - This switch selects the full-scale volt- 
age or resistance range to be used. 


ZERO ADJ. - The larger, fluted knob is a basic 
zero adjustment that sets the meter pointer to zero 
when the SELECTOR switch is set at - and+. The 
smaller knob marked AC is used to set the meter 
pointer to zero following the basic zero adjustment 
and with the SELECTOR switch set to AC. 


OHMS ADJ.% - This knob adjusts the meter pointer 
to full scale (~) when the SELECTOR switch is set 
to OHMS. 


OHMS, AC, DC, COMMON - The designation at 
the bottom of the control panel identify the various 
test leads, which are connected underneath the in- 
strument. The connector can be removed by un- 
screwing the two captive round head screws in either 
end of the connector. Once installed, the three 
probes need not be removed, although only the one 
probe in use is connected through the SELECTOR 
switch to the internal circuits. Each probe has the 
specialized function described below. 


OHMS - The red rubber-covered cable with the 
red plastic prod is used in measuring resistance. 
The prod is equipped with a small chuck to hold a 
steel phonograph needle. The instrument is shipped 
from the factory with the sharp point of the needle 
inside the chuck and can be reversed if it is neces- 
sary to employ a sharp point for good connection. 
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SECTION II 
OPERATING INSTRUCTIONS 


The probe is the negative side of the internal volt- 
age source used for resistance measurements. 


AC - A cable that terminates in the shielded probe 
is used for ac voltage measurements. The probe tip 
contacts the point in a circuit where a voltage is to 
be measured and the clip lead on the probe connects 
to the ground side of the circuit. 


DC - The black, shielded cable with the black 
plastic prod is used to measure d-c voltages. The 
prod is equipped with a small chuck to hold a steel 
phonograph needle. The instrument is shipped from 
the factory with the sharp point of the needle inside 
the chuck and can be reversed if it is necessary to 
employ a sharp point for good connection. 


COMMON - The black rubber-covered wire termi- 
nated in an alligator clip is the negative connection 
for all measurements except those made with the 
clip lead on the end of the AC probe. The common 
lead is connected directly to the chassis of the in- 
strument and to the third grounding conductor in the 
power cable. When making resistance measurements 
this lead is positive with respect to the red prod. 


FUSE - The fuseholder, located behind the cover 
in the rear compartment of the instrument, contains 
a 0.6 amp slow-blow, 115 volt line cartridge fuse 
replaceable by unscrewing the fuseholder cap and 
inserting a new fuse. A 0.25 amp slow-blow fuse 
should be used if the instrument is operated on 230 
volts. 


2-2 OPERATING ADJUSTMENTS 


The ¢P Model 410B has three front panel operating 
adjustments: ZERO ADJ., AC ZERO ADJ., and 
OHMS ADJ.~. ZERO ADJ. sets the meter pointer 
to zero when the selector switch is in the - and in 
the + positions and must be adjusted before the AC 
and the OHMS adjustments are made. AC ZERO 
ADJ. adjusts the meter pointer to zero when the 
selector switch is in the AC position to compensate 
for any small residual meter reading that appears 
as the a-c probe is switched into operation. The 
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AC ZERO should be adjusted when the range switch 
is on the 1 volt range. OHMS ADJ. ~@ sets the meter 
pointer to full-scale when the selector switch is 
turned to the OHMS position. 


2-3. STEP-BY-STEP OPERATING PROCEDURES 


A. Basic Zero Adjustment 


1) Connect the power cable to the power line. Set 
the SELECTOR switch to the (-) position and allow 
instrument to heat for five minutes for stable oper- 
ation. 


2) Connect the DC and COMMON test leads together. 
Adjust the ZERO ADJ. (outer concentric knob) con- 
trol so that the meter indicates zero with the RANGE 

switch set to the 1 volt range. 


3) Set the SELECTOR switch to + and note the meter 
reading. If the needle point has shifted, set ZERO 
ADJ. so that the needle returns to the same position 
for both - and + positions of the SELECTOR switch. 


4) Proper zero set is indicated when the meter 
zero does not shift when the SELECTOR switch is 
changed from (+) to (-) and back. 


B. AC Zero Adjustment 


1) Make the Basic Zero Adjustment described above. 


2) Set the SELECTOR switch to AC and set the 
RANGE switch to the 1 volt position. 


3) Connect the AC probe clip lead to the probe tip. 


4) Adjust the AC knob to bring the meter pointer 
to 0. 


C. OHMS Full-Scale and Zero Adjustment 
1) Make the Basic Zero Adjustment described above. 
2) Set the SELECTOR switch to OHMS. 


3) Adjust the OHMS ADJ. ~~ control so that the me- 
ter pointer indicates on the ohms scale. The 
OHMS and COMMON test leads must not be connected 
together when making this adjustment. 


4) To use the ohmmeter without making the basic 
zero or AC adjustment, connect the OHMS and COM- 
MON test leads together, set the RANGE switch to 
RX1K or higher range, and adjust the ZERO ADJ. 
(outside concentric knob) until the meter pointer in- 
dicates zero on the ohms scale. 


5) With the OHMS test lead not shorted, set the 
OHMS ADJ. knob to bring the pointer to ~. 


The multimeter is now ready for operation. Before 
attempting to make an actual measurement, study 
the operating procedures described in the paragraphs 
below. 


CAUTION 


The voltmeter COMMON, the AC PROBE ground clip 
lead, the instrument chassis and cabinet are all 
electrically tied together at all times. In addition, 
the third (green) lead in the power cable is tied to 
the chassis. If the three prong NEMA connector 
is used in a proper mating receptacle, the 410B 
will be connected to the power system ground. When 
making voltage measurements, ac or dc, positive 
or negative, always connect the voltmeter COMMON 
or the AC PROBE ground clip lead to the chassis, 
or ground, of the equipment under test. Connecting 
the ground clip to any other point will automatically 
ground that point to the power system ground. Ifa 
ground path in the equipment under measurement 
also exists to the power ground, a short circuit will 
result. If a three-prong to two-prong adapter is used 
with the pig-tail ground lead disconnected, the cabinet 
of the 410Bwill assume the same potential as the point 
to which the clip lead is connected. For safety's 
sake, it is best not to make measurements with the 
ground clip lead connected to points not at chassis 
potential. In almost every case the measurement 
can be made successfully by reading the voltages 
with respect to ground and then subtracting one read- 
ing from the other. 


2-4 PROCEDURE FOR MEASURING DC VOLTAGES 


a. Make the basic zero adjustment described 
earlier in paragraph 2-3, 


b. Set the SELECTOR switch to either the (+) or 
(-) position, depending upon the polarity of the 
voltage to be measured. 


c. Set the RANGE switch to the range that includes 
the voltage to be measured, 


d. Connect the COMMONtest lead to the ground side 
of the circuit to be measured and touch the DC 
VOLTS prod to the point in the circuit being measured. 


e. Read the measured voltage from the meter, multi- 

plying the indicated value by the appropriate fac- 
tor. Dc voltages are read from the two top meter 
scales, 0-1 and 0-3, printed in black. 
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The ac probe blocking capacitor is rated 


CAUTION: 


2-5 PROCEDURES FOR MEASURING AC VOLTAGES 


Before measuring voltages above 50 mega- 


at 500 volts, do NOT connect the ac probe to higher 
cycles, consult Figure 2-2 a graph of maximum 
applied voltage vs. frequency. Certain other pre- 


voltages. 


Make the AC ZERO adjustment described above. 


a. 


cautions apply to ac voltage measurements, they 


are discussed in paragraph 2-8. 


Set the RANGE switch to the range that includes 


the voltage to be measured. 
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FREQUENCY MC 


Maximum Voltage that can Safely be applied to AC Probe for 


Frequencies above 50 Megacycles 


Figure 2-2. 
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c. Connect the ground clip lead on the a-c probe to 

ground of the circuit being measured and touch 
the a-c probe tip to the other side of the circuit being 
measured. (For audio frequencies the ground lead 
from the voltmeter chassis may be used for negative 
connection instead of the ground lead on the a-c 
probe, if desired.) 


d. The measured voltage is then read from the 
meter. The full-scale value of the meter is 
indicated by the setting of the RANGE switch. 


NOTE 


The 0 - 1V and O - 3V meter scales printed in red 
are for use only with the 1V and 3V a-c positions of 
the RANGE switch. The remainder of the alternat- 
ing voltage ranges are read from the two top meter 
scales (0 - 1 and 0 - 3) printed in black. 


2-6 PROCEDURE FOR MEASURING RESISTANCES 
CAUTION 


TURN OFF EQUIPMENT THAT IS TO BE TESTED 
BEFORE MAKING RESISTANCE MEASUREMENTS. 
Be tertain that no residual voltages remain in the 
circuit being measured. When making a leakage 
resistance measurement on paper capacitors on the 
RX1Meg range, a reading of greater than ~ is some- 
times measured with the OHMS leads connected one 
way and a fairly low value of resistance will be mea- 
sured with the OHMS leads reversed. This is caused 
by a surface charge in the dielectric of the capacitor 
which leaks out after the capacitor is first discharged 
and builds up another slight voltage across the ter- 
minals. Since the 410B operates at a very high im- 


el 


RESPONSE 


lO Cps lOO cps 


pedance level, this small voltage will cause errone- 
ous resistance readings. Generally, keeping the 
capacitor terminals shorted for a few minutes will 
reduce this charge to zero and a correct reading 
can be made. This phenomenon will not occur on 
any of the lower ranges. 


a. Make the OHMS adjustment described in para- 
graph 2-3C. 


b. Set the SELECTOR switch to the OHMS position. 


c. Connect the COMMON and OHMS test leads to 
the resistance to be measured. 


d. Set the RANGE switch to the position that gives 
the largest up-scale meter indication. 


e. Read resistance value from bottom scale on 

meter. The resistance is equal to the scale 
indication times the multiplying factor shown by 
the position of RANGE selector. 


f. Resistance readings up to a million megohms 
or higher are possible with an external battery. 
Refer to paragraph 2-10 for details. 


2-7 ELECTRICAL CHARACTERISTICS OF THE 
DIODE AND PROBE 


The “Model 410B measures a-c voltages from 1 volt 
full-scale to 300 volts full-scale in the frequency 
range from 20 cycles to 60 megacycles and measures 
reduced voltages to 700 megacycles. The basic ac- 
curacy is +3% for measurement of sine waves up to 
60 megacycles per second, while the frequency re- 
sponse is +ldb over the entire frequency range 


1.Ome 


FREQUENCY 


Figure 2-3. 


Ratio of Indicated to Actual Voltage as a Function of Frequency 
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Figure 2-4, 


from 20 cycles to 700 megacycles per second. The 
410B continues to be useful up to the probe resonant 
frequency of approximately 1250 megacycles, and 
indications can be obtained up to 3000 megacycles. 


A performance curve for the probe, showing the ratio 
of indicated to actual voltage as a function of fre- 
quency, is plotted in Figure 2-3. At low and medium 
frequencies the response is flat. At high frequen- 
cies, however, the response is affected by two fac- 
tors: transit time of the probe diode, which is de- 
pendent upon the magnitude of the applied voltage; 
and the resonant frequency of the probe, which is 
independent of the applied voltage. The effect of 
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transit time is indicated by the dip in the 1-volt curve 
in the vicinity of 500 mc. The rise of the 3-volt and 
10-volt curves is due to the effects of resonance in 
the probe, which overshadow the effects of transit 
time. 


The input resistance and shunt capacitive reactance 
components in the circuit within the a-c probe are 
shown in the graph Figure 2-4. At low frequencies 
the input resistance exceeds 10 megohms, decreas- 
ing at higher frequencies because of dielectric and 
tube losses. The shunt capacity component of input 
impedance is approximately 1.5 micromicrofarads. 
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2-8 AC MEASUREMENT PRECAUTIONS 


Special considerations must be kept in mind when 
making a-c voltage measurements. These consid- 
erations are discussed in the following paragraphs. 


a. General Consideration of Complex Wavforms 
Waveforms containing appreciable harmonics or 


spurious voltages will introduce errors in the meter 
indication since the meter has been calibrated to read 
rms values of true sine waves while the a-c probe is 
a peak-responding device. The magnitude of error 
that may be expected when harmonics are present 
on the measured waveform is indicated in the Table 
below. 

Table 2-1. Possible Error when Measuring 
Voltage of Complex Waveforms 


True Model 410B 
RMS Value Indication 


% 


Harmonic 


0 100 
10% 2nd 90 to 110 
20% 2nd 80 to 120 
50% 2nd 75 to 150 
10% 3rd 90 to 110 
20% 3rd 87 to 120 
50% 3rd 108 to 150 


b. Voltage Measurements at Frequencies below 
00 Cycles/Second - Voltage measurements 
at frequencies as low as 10 cycles per second may 
be made to the unit's basic accuracy by removing 
the plastic nose on the a-c probe and using in its 
place a blocking capacitor of 0. 25 microfarad in 
series with the exposed contact of the probe. 


CAUTION: The gray insulating material of the probe 
of the 410B is polystyrene, a low melting-point mat- 
erial. It is not possible to solder to the contact 
which is exposed when the probe nose is removed 
without destroying the polystyrene. 


c. Voltage Measurements at High Frequencies 
At frequencies above 100 megacycles the distance 


between the point of voltage measurement and the 
anode contact of the a-c probe must be made as short 
as possible. If feasible, substitute a small button- 
type capacitor of approximately 50 micromicrofarads 
for the removable tip on the a-c probe. Solder one 
terminal of the button capacitor to the measurement 
point in the circuit and not to the probe contact. 
The probe contact (with tip removed) can then contact 
the other terminal of the capacitor for the measure- 
ment. 


At frequencies above 100 megacycles considerable 
voltage may be built up across ground leads and 
along various parts of a grounding plane. Conse- 
quently, to avoid erroneous readings when measure - 


ing medium and high frequency circuits, use the 
ground clip lead on the shell of the probe. In some 
cases at the higher frequencies it may be necessary 
to shorten still further the grounding lead on the 
shell of the probe. 


For all measurements at the higher frequencies hold 
the molded nose of the probe as far from the external 
ground plane or from objects at ground potential as 
can conveniently be done. Under typical conditions, 
this practice will keep the input capacitance several 
tenths of a micromicrofarad lower than will be ob- 
tained otherwise. 


For a-c measurements above approximately 250 
megacycles it is nearly mandatory that measure- 
ments be made on voltages which are confined to 
coaxial transmission line circuits. For applications 
of this type, the ¢) Model 410B is particularly suitable 
because the physical configuration of the diode and 
probe is that of a concentric line, and with a few 
precautions it can be connected to typical coaxial 
transmission line circuits with little difficulty. 


To connect the ¢ Model 410B into an existing coaxial 
transmission line, cut the line away so the center 
conductor of the line is exposed through a hole large 
enough to clear the body of the voltmeter a-c probe. 
The nose of the probe should be removed for this 
type of measurement. Connect one terminal of a 
button-type capacitor of approximately 50 micro- 
microfarads to the center conductor of the coaxial 
line so that the other terminal of the capacitor will 
contact the anode connection of the probe. A close- 
fitting metal shield or bushing should be arranged to 
ground the outer cylinder of the probe to the outer 
conductor of the transmission line. This type of 
connection is likely to cause some increase in the 
standing wave ratio of the line at higher frequencies. 
The ¢ Model 455A Coaxial "T" Connector is de- 
signed to do this job with a vswr of less than 1. 1 at 
500 mc. See paragraph 1-5. 


d. Effect of Parasitics on Voltage Readings - 
At frequencies above 500 megacycles, leads or 


portions of circuits often resonate at frequencies 
two, three or four times the fundamental of the volt- 
age being measured. These harmonics may cause 
serious errors in the meter reading. Owing to the 
resonant rise in the probe circuit at frequencies 
above 1000 megacycles, the meter may be more 
sensitive to the harmonics than to the fundamental. 
To make dependable measurements at these fre- 
quencies, the circuits being measured must be free 
of all parasitics. 


e. Effect of DC Present With AC Signal - 
When measuring small ac voltages, which are 


present at a point along with high dc potential, you 
may obtain a voltage reading which is inerror. This 
is caused by a very small leakage current through 
the blocking capacitor in the tip of the ac probe, and 


might occur when you attempt to measure a 1 volt 
ac signal at the plate of a vacuum tube. 


If this leakage is a problem you should add an ex- 
ternal blocking capacitor ahead of the probe tip. 
A Mylar or polystyrene dielectric capacitor of 0.005 
uf or larger is recommended. The usual paper or 
ceramic capacitor will not have sufficiently high 
leakage resistance to eliminate the problem. 


Factory specifications require that the probe tip 
blocking capacitor have not less than 100, 000 meg- 
ohms resistance, which is the highest value obtain- 
able in a part that meets other requirements. This 
is very high, but still makes a 1000:1 voltage divider 
with the 122 megohms input resistance of the meter 
circuits when on the 1 volt ac range. A 100 volt dc 
potential will be divided down and will present (ap- 
proximately) a 0.1 volt signal to the meter circuit. 
On higher ac ranges, the effect is reduced propor- 
tionately. 


2-9 PULSE MEASUREMENTS 


The 410B is a peak-responding rms calibrated type 

voltmeter and is designed to measure the positive 

peak value of the applied voltage. This property 

allows the @ Model 410B to be used to measure the 

positive voltage amplitude of a pulse, provided the 

reading obtained is multiplied by the following factor: 

t] K 

1. 4 (1+ to + PRF ) 

is the duration of the positive portion 

of the voltage in microseconds, 

t2 is the duration of the negative portion 
of the voltage, 

Kis a factor which is a function of the 

source impedance of the pulse gener- 

ator and of tj, and is found in the 

graph of Figure 2-5, 

is the pulse repetition frequency in 

pulses per second. 


where: t] 


PRF 


In general this equation is applicable where the pulse 
repetition frequency is greater than 500 pulses per 
second and the positive pulse duration is at least 
10 microseconds. For most cases when using high 
pulse repetition rates, the above factor will reduce 


1.4 (1 ar to. 

K can be found by use of the curve in 
Figure 2-5 when the impedance of the 
pulse generator R, in kilohms and the 
duration of the positive portion of the 
pulse t] in microseconds are known. 


As an example, suppose: 


tl 
Ro 


10 microseconds, 
2 kilohms and the pulse repetition fre- 
quency is 1000 pulses per second, 
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then R,/ty - 0.2, K = 0.55, and the multiply- 


ing factor would then be 


leas pO. 4 20.98 
990 1000 


For the case of a 10 microsecond negative pulse 
and a pulse repetition frequency of 1000 pulses per 
second, ty would be 990 microseconds and tg would 
equal 10 microseconds. Thus, Ro/ty would be ap- 
proximately 0, and therefore (from Figure 2-5) K 
would also be approximately 0. The multiplying 
factor would then be 


1.4 (1 + 990/10). 


Hence, it may be seen that in the case of negative 
pulses of short duration much smaller readings will 
be obtained than for an equivalent positive pulse. 
As a result, large multiplying factors must be used 
and unless the pulse voltage is large, these measure- 
ments may be impractical. 


8 ebenesty R, = Internal Z of Pulse 
i Generator in kilohms 
Haftitt T ) = Pulse duration in 
1 f microseconds 
iH HH HH 
EH if zt 


ipeuessaes 


eaca 
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Figure 2-5. 


Graph used in Calculation 
of Pulse Voltages 
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2-10 RESISTANCE MEASUREMENT ABOVE 500 
MEGOHMS 


Because of its very high input resistance the Model 
410B, supplemented by an external voltage, can be 
used to measure extremely high resistances. Any 
convenient d-c voltage up to 1000 volts may be used, 
the higher voltages permitting measurement of higher 
resistances. A 45-volt "B" battery extends the 
resistance measurement range to approximately 
250,000 megohms. Resistances as high as several 
million megohms are easily and accurately made 
when the leakage between the test leads is held to 
a minimum by careful placement. The highest re- 
sistance that can be measured is limited by the total 
leakage between the DC test probe and the COMMON 
test probes on the voltmeter. 


The measurement of extremely high resistance is 
accomplished by applying a known d-c voltage to 
the unknown resistance in series with the 410B as 
shown in Figure 2-6. The external voltage is first 
measured with the 410B and recorded. The positive 
side of the external voltage source is then connected 
through unknown resistance to the d-c measurement 
probe, the negative side of the voltage is connected 


to the COMMON lead from the 410B. The voltmeter 
range switch is then adjusted to obtain an upscale 
voltage reading. The meter indicates the voltage 
across the 122 megohm input resistance, which when 
multiplied by the ratio of the applied voltage to the 
measured voltage, minus one, gives the resistance 
of the unknown. The equation for determining an 
unknown resistance for any supply voltage and meter 
reading is given in the following equation. When the 
ratio of E applied to E measured is greater than 
100:1, the minus one may be dropped with no practi- 
cal loss in accuracy. 


Ebb 
Ree = ea uel) eek 
Epp = Externally applied battery or power supply 
voltage 
Em = Voltage read on d-c volts scale of voltmeter 
Rm = Input resistance of voltmeter 


(410A 100 megohms) 
(410B = 122 megohms) 
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Figure 2-6. 
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TO BE MEASURED 
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ISOLATED) 


Setup for Measuring Extremely High Values of Resistance 


3-1 GENERAL 


The @) Model 410B is designed to measure the ampli- 
tude of a-c and d-c voltages and the values of resist- 
ances. To accomplish these measurements, the 
equipment's circuit is arranged as indicated by the 
block diagram of Figure 3-1. When measuring d-c 
voltages, the voltage to be measured is applied 
through a precision voltage divider to the input of 
a differential d-c amplifier. The output of the ampli- 
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SECTION Ill 
THEORY OF OPERATION 


fier feeds a balanced bridge which has an indicating 
meter connected between the mid-points. The mag- 
nitude of deflection of the meter is thus proportional 
to the amplitude of the d-c voltage applied to the 
input of the differential amplifier. 


When measuring a-c voltages, the voltage to be 
measured is converted to a d-c voltage in a special 
wide-band rectifier circuit. The output of the recti- 
fier is then applied to the d-c voltage-measuring 


METER BRIDGE 


V3A 


= 


Figure 3-1. Block Diagram of “ Model 410B 
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circuit described above. A deflection of the indi- 
cating meter then occurs in proportion to the ampli- 
tude of the a-c voltage being measured. 


For measuring resistance, a d-c voltage from the 
voltmeter power supply is applied through a large 
resistance to form a constant current source. This 
supplies a circuit consisting of the unknown resistance 
connected in parallel with a known resistance. The 
proportion of the internal voltage that appears across 
the unknown resistance is related to the ratio of the 
unknown to the known resistance. The voltage across 
the unknown resistance is then applied to the input 
of the differential amplifier as before, with the re- 
sult that the magnitude of meter deflection is re- 
lated to the value of the resistance being measured. 


3-2 R-F RECTIFIER 


The circuit used for rectifying a-c signal voltages is 
shown in Figure 3-2. The circuit is a half-wave 
shunt-detector type circuit which operates to charge 
the small input coupling capacitor Cl to the peak 
value of the positive half of the a-c voltage being 
measured. To smooth the rectified a-c voltage for 
application to the differential amplifier, a large re- 
sistor (22 megohms) and capacitors C2 and C3 are 
connected across the output of the rectifier. The 
voltage across the capacitors rises to the peak value 
of the rectified wave and is applied through the pre- 
cision voltage divider to the d-c amplifier. 


Since the voltmeter is designed to be capable of 
measuring high frequencies, the rectifier circuit 
is built in the form of a probe so that it can be physi- 
cally placed close to the point of measurement. The 
probe connects to the voltmeter proper through a 
flexible cable. 


This arrangement permits short lead lengths for 
the actual a-c portion of the measuring circuit so 
that residual inductances will be minimized. 


A cutaway view of the a-c probe showing the input 
blocking capacitor, rectifier diode, and RC filter 


AC PROBE MULTIMETER CHASSIS 
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GROUND 
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Figure 3-2. Schematic Diagram of AC Probe 


is shown in Figure 3-3. The input capacitor is 
molded in a removable probe tip for applications 
where even the small lead length of the tip should 
be minimized. The diode is specially designed to 
have plane rather than circular geometry. This 
type of construction has been used in order to re- 
duce the physical length of the diode and to achieve 
a diode having extremely low anode-cathode capacity. 
The construction is such that the probe has an input 
capacity of only about 1.5 mmf, about 1.3 of which 
is the anode-cathode capacity of the diode. To 
achieve short transit time for the diode, the anode- 
cathode spacing has been maintained at only .003 
inch. Reliable r-f grounding of the diode cathode 
is obtained by use of a large area contact ring in the 
special socket for the diode. Figure 3-4 shows a 
line drawing of the probe diode. 


The capacity in the RC filter is divided into two 
parts. A small 500 mmf capacitor, C2, is built into 
the probe near the base of the diode. At high fre- 
quencies this capacitor in combination with the 22- 
megohm filter resistor gives sufficient filtering so 
that the inductance of the flexible cable is of no 
consequence, For lower frequency filtering, Capa- 


citor C3, is connected at the end of the cable inside 
the multimeter housing, 


Figure 3-3. 


Cutaway View of High-Frequency Probe 


410B-B-0320 


Figure 3-4, Actual Size Drawing of 
High-Frequency Diode 


The probe is constructed from molded polystyrene 
to offer a low dielectric loss which, together with 
the low input capacity, makes the probe a high im- 
pedance device. The input impedance of the probe 
as a function of frequency is given in Figure 2-4, 


The flexible cable connecting the probe to the volt- 
meter is a double-shielded single conductor cable. 
The outside shield carries a-c power for the diode 
heater; the inner lead carries the d-c voltage from 
the RC filter to the voltmeter. Ground return is 
made through the inner shield. 


3-3 RANGE EXTENDING RESISTORS 


To extend the voltage range over which both a-c and 
d-c measurements can be made, a precision volt- 
age divider is connected to the input of the d-c ampli- 
fier. The taps on the divider are arranged so that 
the input to the amplifier does not exceed approxi- 
mately .85 volt for a full-scale reading on d-c volt- 
age measurements. On a-c measurements approxi- 
mately 1.17 volts is applied to the amplifier for a 
full-scale reading. This increased voltage on a-c 
measurements is compensated by resistors in series 
with the indicating meter, as described later. 


The precision voltage divider is made up of high- 
stability deposited carbon type resistors mounted 
on a seven-position rotary switch which serves as 
the range switch for the instrument. 


3-4 DC AMPLIFIER 


The taps on the precision voltage divider connect 
through the range switch to one input of the differ- 
ential voltage amplifier. The amplifier consists of 
the two halves of a 12AU7 twin triode. The principle 
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purpose of this amplifier is to serve as an impedance 
transformer between the 100-megohm impedance 
level in the range switch and the meter circuits. 
To achieve a high input impedance for the amplifier, 
it is operated without a grid resistor other than the 
100-megohm voltage divider and at a low plate cur- 
rent in the order of a couple of microampers. Gas 
current effects in the high grid impedance are mini- 
mized by operating the amplifier tubes at a reduced 
heater voltage and a low plate voltage (approximately 
20 volts). Very large cathode resistances are used 
to enhance the stability of the amplifier. 


For a-c measurements the second or "balance" in- 
put to the differential amplifier is connected toa 
source of small d-c voltage in the power supply cir- 
cuit. This arrangement is designed to compensate 
the voltmeter for ''emission voltages" that occur 
in the probe diode, Because of the high thermal 
level of the probe diode cathode, electrons are emit- 
ted by the cathode even though no signal voltage is 
applied to the diode anode. Some of these electrons 
travel to the anode, giving it a net negative potential 
of approximately 1 volt, which will mask small sig- 
nal voltages applied to the diode. 


To compensate for this effect, the d-c voltage ap- 
plied to the second input of the d-c amplifier is ad- 
justed to be equal to the emission voltage of the 
diode. A voltage divider in the balance channel di- 
vides the compensating voltage in the same propor- 
tion as the input range switch divides the emission 
voltage so that the amplifier will always be compen- 
sated when the a-c probe is connected. The AC zero 
set control on the front panel adjusts the compen- 
sating voltage to exactly balance the voltage produced 
by the diode thereby bringing the meter to zero. 


For d-c measurements the second input to the differ- 
ential amplifier is grounded and serves only to supply 
a d-c level to balance the bridge. 


3-5 METER CIRCUIT 


The double-ended output of the differential ampli- 
fier is applied to a bridge circuit across which is 
connected the indicating meter, as illustrated by 
the diagram in Figure 3-5. Two arms of the bridge 
are triode tubes whose grids are connected to the 
two sides of the differential amplifier. With no volt- 
age being measured, the two triodes have equal grid 
potentials and the bridge is in a balanced state. The 
front panel ZERO SET control R19a, a potentiometer 
located between the two legs of the bridge and the 
d-c supply voltage, establishes the exact electrical 
balance of the bridge for all types of operation. 
Potentiometer R32 is connected in series with the 
meter to adjust the sensitivity of the meter circuit 
to the precise required value. 
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Figure 3-5, 


To permit measurement of either positive or negative 
d-c voltages without reversal of the test leads the 
SELECTOR switch reverses the meter within the 
bridge so that an up-scale reading is obtained with 
either polarity. 


For a-c measurements the range switch of the volt- 
meter connects in series with the meter additional 
current-reducing resistors (R35 through R40) to 
reduce the meter current by approximately 30% so 
that the same meter scale can be used for the a-c 
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V3B 
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Basic DC Amplifier Circuit 


and d-c ranges. For the one and three volt a-c 
ranges, however, it is necessary to use special 
meter scales because the probe diode operation at 
low voltages is non-linear. 


For resistance measurements the SELECTOR switch 
connects the meter in series with the front panel 
OHMS ADJ. control which adjusts the sensitivity 
of the meter to obtain a precise full-scale indication 
before making a measurement. 


3-6 RESISTANCE MEASUREMENT 


When the multimeter is to be used to measure re- 
sistance, the range switch connects an additional 
set of precision resistors to the input of the d-c 
amplifier as shown in the block diagram in Figure 
3-1. A small, stable voltage of about 1.2 volts is 
taken from the regulated power supply and applied 
through a precision resistance to the input of the 
d-c amplifier thereby causing full-scale deflection 
of the meter. The resistance to be measured is 
then connected between the input of the d-c ampli- 
fier and ground. This resistance thus completes a 
voltage divider and reduces the voltage applied to the 
amplifier, bringing the meter reading down-scale. 
The range switch of the multimeter connects ap- 
propriate values of precision resistors into the 
ohmmeter circuit to extend the resistance-measur- 
ing range. (On the RX1 range the necessary volt- 
age comes from a small selenium rectifier which 
is not regulated. ) 


3-7 POWER SUPPLY 


The power supply circuit includes a full-wave recti- 
fier with an RC filter at the output af the rectifier, An 
OB2 105-volt regulator tube provides regulated d-c 
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voltage for operation of the differential d-c ampli- 
fier, ohmmeter circuits, and diode compensating 
circuits. D-c power for operating the bridge is ob- 
tained directly from the rectified output of the power 
supply. A regulated heater voltage of 5 volts a-c 
is also provided for the probe diode, regulation being 
obtained through the use of the constant current bal- 
last tube V6, Potentiometer R50 shunting the diode 
heater is used to adjust the voltage across the heater 
to 5 volts. A small resistor is connected in series 
with the heater of V2 to operate this heater on ap- 
proximately 4-1/2 volts. The heater winding also 
supplies a voltage which is rectified by a metallic 
rectifier for the RX1 resistance OHMS range only. 
This voltage is adjusted to approximately 1.2 volt 
by R49 to obtain full-scale deflection on the RX1 
range consistent with that on the RX10 range, when 
the line voltage is at 115 volts. 


The power transformer for the multimeter is equipped 
with two primary windings so that the instrument may 
be connected for operation on either 115 or 230 volt 
power. The windings are connected in parallel for 
use with 115 volts, and in series for 230 volts. For 
proper phasing of the windings the terminals on the 
transformer are numbered and wired as shown on 
the schematic diagram for the multimeter. 


4-1 INTRODUCTORY 


No routine maintenance procedures are required 
for the “) Model 410B. When replacing any of the 
tubes in the equipment, however, it is desirable to 
check the accuracy of the multimeter. To do this 
it is necessary to have a precision d-c voltmeter 
and a precision a-c voltmeter, preferably of the 
dynamometer type. The accuracy of these instru- 
ments should be within 1-2%, because the basic ac- 
curacy of the 410B is within 3%. The procedure to 
follow in checking and adjusting the calibration of 
the instrument are described in paragraphs 4-4 and 
4-5, 


If a tube failure occurs after an extended period of use 
such as 1000 hours of operating time, it is desirable 
to replace all tubes at that time, to avoid need for 
more frequent recalibration than necessary. 


A trouble-shooting chart listing possible operating 
troubles is included at the end of this section (para- 
graph 4-7). 


4-2. TUBE REPLACEMENT 


REPLACING V1 - 

When replacing probe diode V1, some change in a-c 
voltage-measuring accuracy may occur on the lower 
three a-c measuring ranges of the instrument. In 
a typical case these changes will be less than 2%. 
With some diodes the changes can be greater than 
this, however, so it is desirable to recheck cali- 
bration accuracy. 


The quality of the individual replacement diode will 
also effect the high frequency accuracy of the in- 
strument. However, specialized equipment is neces- 
sary for checking the high frequency accuracy. If 
high frequency errors are suspected with a new diode 
installed, it is recommended that another replacement 
diode be tried. 


The heater voltage should be checked when probe 
diode V1 is replaced. Accurate setting of this volt- 
age is necessary to insure proper operation andmax- 
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SECTION IV 
MAINTENANCE 


imum life of the probe diode. 
voltage of probe diode V1: 


To check the heater 


1) Remove back cover from the instrument by 
pushing down the button at the top rear of cabinet 
and slide the back cover off, 


2) Remove two retaining screws from instrument 
rear and slide instrument chassis forward out of 
cabinet.. 


3) Connect 410B to variable power transformer, 
set line voltage to 115 volts (or 230 volts) and turn 
410B on. 


4) Connect anac voltmeter suchas @ Model 400D/ 
H/L or Model 403A, between pin Tor V6 (ballast 
tube and chassisground. Adjust R50 to obtain 5.0 


volts rms if the 201C diode is used and 6.3 volts 
rms if the EA53 diode is used. 


REPLACEMENT OF V2 AND V3 - 
When V2 or V3 are replaced, five checks should be 
made: 


1. Amplifier balance with line voltage at 115 volts. 


2. Microphonics: stability of the zero adjustment 
when the tubes are jarred. 


3. Amplifier balance with line voltage change from 
103 to 127 volts. 


4° Gasiin V2; 


5. Voltage calibration. 


NOTE 


The following instructions describe a procedure 
which will provide optimum instrument performance 
over a wide range of line voltages. It is based on 
the procedure used at the factory. If such perform- 
ance is not needed, the care in selection of tubes 
can be reduced considerably. 
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Figure 4-1. 


The following steps should be performed in the order 
given. If a tube fails to pass any test, it must be re- 
placed and all tests repeated again in the proper 
order. 


To obtain maximum range of adjustment of the ZERO 
SET control it is necessary that the four triode sec- 
tions of the two 12AU7 tubes be similar in plate cur- 
rent characteristics. It is possible to have a com- 
bination of tubes which will have very little zero 
adjustment range on, say, (+) DC VOLTS and an 
excessive amount on (-) DC VOLTS. This is caused 
by non-uniformity between tubes. These character- 
istics also change considerably in the first 50 hours 
of tube operation. 


A suggested method for determining if individual 
tubes are reasonably balanced is to first remove 


% EA53 OR 2-01C DIODE 
ORIGINALLY INSTALLED. 


Test Probe Assembly, Including Exploded View of AC Probe 


V2. With V3 only in its socket, check the ZERO 
ADJUST range on both (+) DC and (-) DC. Ideally, 
it should be the same in both positions of the FUNC- 
TION switch. Select several tubes which are as 
nearly balanced as possible, by trying them in the 
V3 socket. Use the tube which has the best balance 
for V2 and the next best for V3. To insure the best 
margin of zero adjustment, the tubes should be se- 
lected to allow the ZERO ADJUST control to move 
the meter pointer at least 1/3 of the way up scale 
both with (+) and (-) DC VOLTS positions of the 
FUNCTION switch, when both tubes are in their 
sockets. Next, check for microphonics by first 
accurately setting the ZERO ADJUST to zero the 
meter and then tap V2 and V3. If the meter zero 
irratically changes position, one or both of the tubes 
have loose elements, which allow the static plate 
current to change value when jarred. Generally, 


V2 is the most sensitive and should be suspected 
first. If the elements in V3 are very loose, it will 
cause the same indication. The defective tube or 
tubes should be replaced with ones which are of 
more sound construction. The balance test must 
be again repeated as described above. 


To insure that the cathode emission is ample, the 
line voltage should be set to 115 volts. Allow the 
instrument to heat run for at least 5 minutes. Zero 
set the meter. Reduce the line voltage to 103 volts 
for a period of at least 1 minute. If the tubes have 
good cathode emission characteristics, the meter 
zero will not drift more than approximately 5%. If 
the zero drifts down scale to the left, the amount of 
drift can be measured from changing the position 
of the FUNCTION switch to the opposite polarity: 
(+) to (-) or vice versa, depending on the original 
position, so an up scale reading is obtained. 


If the drift is not excessive, return the line voltage 
to 115 volts and reset the meter zero. After the 
tubes have stabilized at 115 volts, raise the line 
voltage to 127 volts and repeat the drift check. Again 
the drift should be less than 5%. If not, try another 
tube or tubes. V2 should be replaced first and then 
V3. All previous steps should be repeated first. 


To check for a gassy V2, first accurately zero set 
the meter. Check the accuracy of the setting by 
switching the FUNCTION switch from (+) to (-) and 
back, If the setting is perfect, the meter pointer will 
not move. Feed ina d-c voltage of exactly 1.0 volt. 
(To facilitate this test the voltage should be fed 
through a dpdt switch so that the polarity can be 
quickly switched. If this is not done, it is very dif- 
ficult to determine by eye if the two readings are 
the same within 1%). 


If V2 is gassy, a certain error exists on the 1 volt 
range due to the gas current flowing through the 
100 megohm resistive divider. Since the basic ampli- 
fier gain is set with the FUNCTION switch set to 
(+), this error is compensated for when the gain is 
set. When the polarity is reversed, however, the 
grid is biased negatively by the measured voltage 
and the value of the gas current changes somewhat. 
This results in a different reading. 


A second method of checking for gas current is, to 
first accurately set the meter zero as described 
above. The RANGE SWITCH should be on the 1 VOLT 
DC range. Rotate the RANGE SWITCH to 300 VOLTS. 
If the input tube V2 is gassy, the zero will shift when 
the RANGE SWITCH is rotated. The grid impedance 
to ground is 100 megohms on the 1 VOLT range and 
approximately 300,000 ohms, on the 300 volt range 
(neglecting a fixed 5.6 megohm resistor). The effects 
of the gas current are thus reduced as the RANGE 
SWITCH is advanced to a higher range, which in turn 


Sect.IV Page 3 


causes the meter zero setting to change. NOTE: 
The effects of this test should not be confused with 
those of microphonic tubes. The Microphonic tube 
test must have been passed first. 


Final voltage calibration should be made after tubes 
have been installed which pass all the above checks. 
Since the gain characteristics change somewhat dur- 
ing the first fifty hours of operation, it is desirable 
to heat run the instrument for at least this long before 
a final calibration is made. The calibration procedure 
to be followed after replacement of V2 or V3 is des- 
cribed in paragraph 4-4, 


4-3 REPLACEMENT OF BALLAST TUBE V6 


Failure of V6 is usually caused by overloading due 
to shorts. For this reason, before installing a new 
ballast tube, it is recommended that the resistance 
between pin 7 of V6 and ground be checked with V6 
removed from socket, The resistance will initially 
read 2 to 3 ohms and slowly increase. If the reading 
does not increase to above 4 ohms, there may be a 
short. If the resistance increases to over 4 ohms, 
it is ordinarily safe to install the new ballast tube. 


After installing the new ballast tube, measure the 
heater voltage of probe diode V1 (see para. 4-2), 


4-4 BASIC VOLTAGE CALIBRATION 


Before attempting to adjust either the a-c calibration 
accuracy or the ohmmeter calibration accuracy, it 
is necessary that the calibration of the d-c measur- 
ing circuits be accurate. Checking the d-c calibra- 
tion accuracy is also recommended after replacing 
V2 or V3. The procedure is as follows: 


a. Connect multimeter to a 115-volt power source 

and allow to heat for at least 15 minutes. It is 
desirable that the line voltage be accurately adjusted 
to 115 volts or to the predominating line voltage 
value if that value is somewhat less or more than 
115 volts. The power transformer in the equipment 
is also designed to accommodate 230 volt lines; if 
the equipment is operated from 230 volt lines, the 
above information should be modified accordingly. 


b. Remove the back cover from the instrument. 
To remove the cover push down the button at 
the top rear of the cabinet and slide back cover off. 
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c. Zero set the instrument with the RANGE switch 

set to the 1 volt range and the SELECTOR switch 
set to the + and - positions as described in paragraph 
2-5. 


d. Set SELECTOR switch to +. 
remain at 1 volt. 


Range switch should 


e. Apply exactly 1 volt d-c to the d-c test leads. 

This 1 volt value can be obtained using a bat- 
tery and potentiometer arrangement. The voltage 
applied to the voltmeter should be monitored and 
adjusted using the precision d-c meter described 
earlier. With exactly 1 volt applied to the multi- 
meter the meter pointer should indicate an exact 
full-scale reading on the uppermost scale. If neces- 
sary, adjust R32 through the back of the instrument 
to make the meter read exactly full-scale. R32 is 
identified in Figure 4-2 and by appropriate markings 
on the back of the instrument. 


f. The calibration of the remaining d-c ranges 

should now be checked insofar as the external 
precision meter and d-c source will permit. No 
adjustment circuits are provided, however, for the 
remaining d-c ranges. The accuracy of these ranges 
is determined by the values of the precision range 
switch resistors R3 through R9. A gross inaccuracy 
in any of the remaining d-c ranges indicates an in- 
correct range resistor or resistors. 


g. Check a-c calibration accuracy as described 
below. 


4-5 AC VOLTAGE CALIBRATION 


The accuracy of the a-c voltage ranges of the multi- 
meter should be checked after the probe diode V1 
has been replaced. Before checking the a-c ranges, 
it is desirable to adjust the basic d-c voltage cali- 
bration as described above in paragraph 4-4. The 
procedure for checking and adjusting the a-c cali- 
bration is as follows: 


a. Adjust line voltage as described in step a. of 
paragraph 4-4 above; remove back cover as 
described in step b. of the same paragraph. 


b. Set SELECTOR switch to a-c and RANGE switch 
to 1 volt position. Allow equipment to heat for 
at least 15 minutes with these switch settings. 


c. Set the FUNCTION switch to (+) DC and set the 

meter zero. Check by switching from (+) to (-) 
and back. There should be no shift. Set the FUNC- 
TION switch to AC. Zero set a-c circuit with the 
AC ZERO control. (The RANGE switch still at the 
1 volt position. ) 


d. Apply to the a-c probe a voltage of exactly 1 

volt rms. This voltage should have an accurate, 
undistorted sine waveform. The frequency of this 
voltage should preferably be 100 cps or higher if 
permitted by the frequency characteristic of the 
dynamometer voltmeter. A good voltage source 
for this purpose is an accurate audio oscillator such 
as the () Model 200AB, 205AG, etc. To determine 
that the voltage applied to the probe is accurate, 
it should be monitored by the precision dynamometer 
type voltmeter. 


e. With exactly 1 volt rms applied to the probe, 

the voltmeter should indicate exactly full-scale 
on the 1 volt a-c (red) meter scale. If not, adjust 
R35 (available through back of instrument). 


f. Set the RANGE selector to the 3-volt range. 

Increase voltage applied to probe to exactly 
3 volts rms. Adjust potentiometer R39 to obtain 
accurate full-scale reading on the 3 volt a-c (red) 
meter scale. 


g. Calibrate the remaining a-c ranges, reading 

the 1 and 3 volt d-c (black) scales of the meter. 
The following chart shows the adjusting potentiom- 
eters for each of the a-c ranges. 


Calibrating Adjustment 
Voltage Resistor 


1V RMS 
3V RMS 
10V RMS 
30V RMS 
100V RMS 
300V RMS 


RANGE 
Switch Setting 


4-6 OHMMETER ADJUSTMENTS 


No internal adjustments are provided for the ohm- 
meter circuits other than for the full-scale setting 
of the RX1 range. The full-scale setting of the RX1 
range may begin to differ from that of the other 
ranges as selenium rectifier CRl ages. (Assuming 
the line voltage is the same value as when R49 was 
originally set.) To adjust the full-scale setting of 
the RX1 range to be equal to the full-scale setting 
of the other ranges, proceed as follows: 


a. Connect multimeter to power line and allow to 

warm up. Normally the multimeter should be 
operated from 115 volts; however, if it is to be oper- 
ated at line voltages substantially higher or lower 
than 115 volts the adjustment may be made at the 
expected line voltage. 
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b. Zero set the instrument as described in para- e. 
graph 2-3, 


If meter pointer does not read exactly full-scale 
(°c), remove back panel from multimeter case 
and adjust R49 as necessary. 


c. Set RANGE switch to RX10 range and adjust 
OHM ADJ. for exact full-scale meter reading. 


The accuracy of the RX1 range is not affected if the 
full-scale (~) is not the same for RX1 and RX10 
and above, since the OHMS ADJ. control should 
be adjusted to bring the pointer to (~) before mea- 


d. Set RANGE switch to RX1 range. surements are made. 


4-7 TROUBLE SHOOTING CHART 


Table 4-1. 


SYMPTOM CAUSE OF TROUBLE 


AC power cord plugged in, in- 
strument turned on, pilot light 
does not light and no readings 
obtained. 


No readings obtainable, no zero 
adjustment, pilot lamp lights. 


Zero set drift or zero set not 
possible. 


No a-c readings, d-c readings 
normal, 


A-c zero set drifts or inaccurate 
a-c readings only on all ranges. 


A-c zero Set not possible. 


Inaccurate d-c and a-c readings. 


Erroneous resistance readings 
following use of OHMS probe on 
high d-c voltage. 


Trouble Shooting Chart 


Defective power cord, plug, or 
receptacle. 


Fuse (F1) blown. 


Defective a-c Switch. 


Defective tubes V2, V3 or V5. 


Defective tubes V2 and V3. 


Probe cap loose, defective V1 


OF Vio® 


Defective Vl. 


Outside shield of a-c probe cable 
shorted to ground. 


Defective V2 or V3, defective 
range resistor (R3 through R9), 
misadjustment of R32. 


Burned resistors R10 through 
R13. 


REMEDY AND CHECKS 


Check power source and con- 
nections, 


Check fuse (F1) and rectifier 
tube V5. 


Check power switch continuity. 


Check V2, V3, and V5, if neces- 
sary, replace and recalibrate, 
see paragraph 4-2. 


Check tubes V2 and V3, replace 
and recalibrate, see paragraph 
4-2, 


Tighten probe cap. Check V1 


for operation. 


Replace V1 and recalibrate as 
instructed in paragraph 4-3, 


Check cable and repair short. 


Check V2 and V3 or R3 through 
R9, readjust R32 as instructed 
in paragraph 4-4, 


Check resistors R10 through 
R13 and if necessary, replace 
burned resistor. 
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Figure 4-2. 
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Rear View of Model 410B Chassis Removed from Instrument Case 
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Ral 
R22 


$2 


410B-A-0323 


Figure 4-3. Right Side View of Model 410B 
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MEASURE 6e3VAC RMS FOR I920-O0I0 PROBE DIODE 
OR SeOVAC RMS FOR 1920-0008 PROBE DIODE 
ON PINK WIRE TO GROUND 


R3l 


RISA 


RISB 


410B-A-0322 


Figure 4-4, Left Side View of Model 410B 
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Section V 
Paragraphs 5-1 to 5-7 


SECTION V 
REPLACEABLE PARTS 
5-1. INTRODUCTION. 0-3. Miscellaneous parts are listed at the end of 
Table 5-1. 
0-2. This section contains information for ordering 


replacement parts. Table 5-1 lists parts in alpha- 
numerical order of their reference designators and 
indicates the description and ¢ stock number of each 
part, together with any applicable notes. Table 5-2 
lists parts in alpha-numerical order of their ¢ stock 
number and provides the following information on 


5-4. ORDERING INFORMATION. 

d-5. To obtain replacement parts, address orderor 
inquiry to your local Hewlett-Packard Field Office 
(see lists at rear of this manual for addresses). Iden- 
tify parts by their Hewlett-Packard stocknumbers. 


each part: 
5-6. NON-LISTED PARTS. 
a. Description of the part (see list of abbreviations 
below). 5-7. To obtain a part that is not listed, include: 
b. Typical manufacturer of the part in afive-digit a. Instrument model number. 
code (see list of manufacturers in Appendix). 
b. Instrument serial number. 
c. Manufacturer's part number. 
c. Description of the part. 
d. Total quantity used in the instrument (TQ col- 
umn). d. Function and location of the part. 
REFERENCE DESIGNATORS 
A = assembly is = fuse Pp = plug Vv = vacuum tube, neon 
B = motor FL = filter Q = transistor bulb, photocell, etc. 
C = capacitor J = jack = : W = cable 
R = resistor 
CR = diode K = relay erene Xx = socket 
DL = delay line Li = inductor RT = thermistor XF = fuseholder 
DS = device signaling (lamp) M = meter S = Switch XDS_ = lampholder 
E = misc electronic part MP = mechanical part ar = transformer Z = network 
ABBREVIATIONS 
a = amperes elect = electrolytic mtg = mounting rot = rotary 
encap = encapsulated my = mylar rms = root-mean-square 
bp = bandpass rmo- = rack mount only 
bwo = backward wave i starads NC = normally closed 
: 3 s-b = slow-blow 
oscillator tixdl) = fixed Ne = neon _ ; 
Se = selenium 
c = carbon NO = normally open sect = section(s) 
cer = ceramic Ge = germanium NPO = negative positive Si = silicon 
cmo = cabinet mount only de se counditca) zero (zero temp- sil = silver 
coef = coefficient 8 =e ature coefficient) sl = Slide 
com = common h = henries nsr = not separately 
comp = composition Hg = mercury replaceable td = time delay 
conn = connection TiO, = titanium dioxide 
crt = cathode-ray tube impg = impregnated obd = order by de- 
incd = incandescent scription tog = toggle 
dep = deposited ins = insulation (ed) tol = tolerance 
p = peak trim =trimmer 
EIA = Tubes or transistors K = kilo = 1000 pe = printed circuit twt = traveling wave tube 
meeting Electronic board _ : 
: : ; : , var = variable 
Industries' Associa- lin = linear taper pf = picofarads = w/ Sith 
tion de gs aaa log = logarithmic taper 10°12 farads Ww ee 
Pee rans Sal aaa =3 pp = peak to peak ww = wirewound 
instrument operating m = milli = 10 : = : Se: 
iA pea te piv = peak inverse w/o = without 
within specifications; M = megohms 
: ie voltage A _ : 
tubes and transistors paar = milliamperes as <eechiion ©) = optimum value 
selected for best LL = jonny = 10) P FE P selected at factory, 
: : ie poly = polystyrene 
performance will be minat = miniature be ee riawieton average value 
supplied if ordered mfgl = metal film on glass P tele shown (part may 
by & stock numbers. mfr = manufacturer rect = rectifier be omitted) 
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Section V 
Table 5-1 


REFERENCE 
NOTE 


C1 and C2 


C3 


C4 thru C9 


C10 


CR1 


PI 


R19 A, B 


R20 


R21 and R22 


R23 
R24 
R25 


R26 
R27 
R28 
R29 
R30 


o-2 


0140-0017 
0150-0014 
0180-0055 


1880-0005 


2110-0016 


2140-0009 
1120-0009 
8120-0050 


0690-2261 


0730-0079 
0730-0096 
0730-0113 


0730-0130 
0733-0005 
0733-0011 
0727-0043 


0727-0095 
0727-0152 
0727-0204 
0727-0251 
0727-0223 


0687-6831 
0687-2231 
0687-1031 
2100-0050 


0689-3955 
0727-0244 
0689-1365 


0689-3955 


0689-6215 
0689-3315 
0687-5651 
0689-3315 
0689-6215 


Table 5-1. 


Reference Designation Index 


part of ac probe 


fxd, 


fxd, 
fexGls 


mica, 4700 pf, +10% 
cer, .005uf, 500 vdew 
alum elect, 4 uf, 450 vdew 


Rectifier: metallic 


Fuse: 


Fuse: 


Lamp: 


Meter 


cartridge: 0.6 amp, slow blow, for 115 v 
ope ration 


cartridge: 1/4 amp, slow blow, for 230 v 
operation 


incandescent: 6-8 v, .15 amp, #47 


Power Cord 


an ae 


ee ee 2 eee ee eee 


etx Cs 


comp, 22meg, +10%, 1 w 


Part of Cable Ass'y, DC Probe 


ifexcls 
fxd, 
fxd, 


fxd, 
fxd, 
fxd, 
fxd, 


fxd, 
fexcle 
fxd, 
fly 
fxd, 


P<Ge 
fear 
fxd, 
var, 


: 22 meg, Part of ac probe, not separately replaceable 


deposited carbon, 216.3 K, +1%, lw 
deposited carbon, 683.7 K, +1%, 1w 
deposited carbon, 2.163 meg, +1%, 1 w 


deposited carbon, 6.837 meg, +1%, 1 w 
deposited carbon, 21.63 meg, +1%, 1 w 


deposited carbon, 46.74 meg, +1%, 2 w 
C flm, 100 ohms, +1%, 1/2 w 


C flm, 900 ohms, +1%, 1/2 w 
C flm, 9000 ohms, +1%, 1/2 w 
C flm, 90 K ohms, +1%, 1/2 w 
deposited carbon, 683,700 ohms, +1%, 1/2 w 
deposited carbon, 216, 300 ohms, +1%, 1/2 w 


comp, 68 K ohms, +10%, 1/2 w 
comp, 22 K ohms, +10%, 1/2 w 
comp, 10 K ohms, +10%, 1/2 w 
ww, 2 Sections, front: 100 ohms, rear: 200 


ohms, +10%, lintap, 2 w 


fxd, 
fxd, 
fxd, 


2 Tol. 


fxd, 
fxd, 
fxd, 
fxd, 
fxd, 


comp, 3.9 meg, +5%, lw 
C flm, 500 K ohms, +1%, 1/2 w 
comp, 13 meg, +5%, 1 w 


ot Assigned 


comp, 3.9 meg, +5%, lw 


comp, 620 ohms, +5%, 1w 
comp, 330 ohms, +5%, lw 
comp, 5.6 meg, +10%, 1/2 w 
comp, 330 ohms, +5%, lw 
comp, 620 ohms, +5%, 1w 


# See introduction to this section 
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Table 5-1. Reference Designation Index (Cont'd) 


REFERENCE 
dp 
DESIGNATION | “ STOCK NO. DESCRIPTION NOTE 


R31 2100-0036 
R32 2100-0185 
R33 0693-6821 
R34 0693-1031 © 
R395 2100-0185 


: var, comp, lin tap, 1K ohms, +20%, 1/2 w 
var, comp, lintap, 500 ohms, +30%, 1/4w 
fxd, comp, 6800 ohms, +10%, 2 w 
fxd, comp, 10 K ohms, +10%, 2 w 
var, comp, lintap, 500 ohms, +30%, 1/4 w 


oo, Ral 2100-0206 
and R38 
R39 and R40 2100-0185 


var, ww, 50 ohms, +10%, 1w 
var, comp, lintap, 500 ohms, +30%, 1/4 w 


R41 0693-4721 
R42 0690-1011 
R43 0690-2721 
R44 0690-2221 
R45 and 46 0816-0006 


fxd, comp, 4700 ohms, +10%, 2 w 
fxd, comp, 100 ohms, +10%, 1 w 
fxd, comp, 2700 ohms, +10%, lw 
fxd, comp, 2200 ohms, +10%, 1w 
fxd, ww, 5K ohms, +5%, 10 w 


R47 410B-26 

R48 0693-3301 
R49 and R50 2100-0876 
R51 0690-1001 


fxd, ww, 12 ohms 

fxd, comp, 33 ohms, +10%, 2 w 

var, ww, 25 ohms, +10%, lin tap, 5 w 
fxd, comp, 10 ohms, +10%, 1w 
optimum value selected at factory, 
average value shown 

R51A 0690-1801 : fxd, comp, 18 ohms, +10%, 1 w 

R52 0690-3301 : fxd, comp, 33 ohms, +10%, 1w 

R53 0690-3311 : fxd, comp, 330 ohms, +10%, 1 w 


i ee ee 


S1A thru 410B-19A Selector Switch Assembly 
S1G 3100-0065 Switch: rotary, less components 
S1H 3130-0030 Switch: power, rear section of selector switch 


82 410B-19W Range Switch Assembly 
AL 9100-0021 Transformer: power 


v1 1920-0008 Tube: electron, 2-01C includes spring tip 
or 
Tube: electron, EA53 includes spring tip 
V2 and V3 5080-0681 Tube: electron, 12AU7 
1940-0007 Tube: electron, OB2, voltage regulator 
1930-0016 Tube: electron, 6 x 4, rectifier 
0852-0003 Tube: ballast, #6-4, 6w 


MISCELLANEOUS 


0370-0025 Knob: OHMS ADJ. 
0370-0031 Knob: ZERO ADJ. Round 
0370-0035 Knob: SELECTOR, RANGE 
0370-0048 Knob: engraved AC 
410B-76M Connector Board: male 
1400-0084 Holder, fuse: 

1450-0003 Pilot lamp jewel 


401B-21-95A Assembly, Test lead, includes AC probe (less diode) 
DC probe, Ohms probe, Common Lead, female 
connector board and shield 


410B-21-95B Assembly, AC probe (less diode) with cable 
410B-21-95C Assembly, DC probe with cable 
410B-21-95D | Assembly, Ohms probe with cable 
410B-21-95E Assembly, Common Lead 


# See introduction to this section 
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410B-213 
410B-21H 
410B-21D 
410B-21E 
2220-0001 
410B-21C 
410B-21N 
410B-21P 


00410-69501 


410B-21B 


410B-21B-5 


410B-21F 

8150-1038 
1400-0046 
1490-0013 


410B-21L 
410B-21K 
8120-0004 
0900-0013 
1490-0013 
1490-0010 


410B-21-95G 


8150-0139 
410B-55 
2360-0015 
3050-0016 
3050-0005 
2220-0006 
2190-0030 
2340-0001 
410B-76F 


Table 5-1. Reference Designation Index (Cont'd) 


REFERENCE 
E 


Jumper, ground, for AC probe 
Clip, ground, for AC probe 
Probe head 

Sleeve, for AC probe 


Screw, machine, Fillister Head, No. 4-40 x.3/16 in. 


Assembly, probe contact, for AC probe 
Tip and contact spring (for 2-10C diode) 
Tip and spring (for EA53 diode) 


Tube, electron (see VI) 
Includes 6, 7B, 8B (Figure 4-1) 


Assembly, socket w/cable for probe diode 


Cap 

Ring, retaining (AC probe) 

Cable, blk, 42 in. 

Clip, alligator 

Needle, phono 

Resistor: fxd, comp (See R1) 

Body, DC probe 

Nut, DC probe 

Cable, coaxial, 41 in. 

"O" Ring 

Needle, phono 

Chuck with Nut and Needle 

Body, Ohms probe with Chuck/Nut and Needle 
Cable, red, 42 in. 

Shield, test lead terminal board 

Screw, machine, round head, No. 6-32 x 1 - 1/8 in. 
Washer, flat, fiber No. 6 

Washer, fiber, extruder No. 6 

Screw, machine, Fillister head, No. 4-40 x 3/4 in. 
Washer, lock, No. 4, 1/16 in. 

Nut, No. 4 - 40 x 3/16 in. 


Connector, female board 
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Table 0-2. Replaceable Parts 


‘ @ STOCK NO. DESCRIPTION MFR MFR PART NO. Role 


0140-0017 C: fxd, mica, 4700 pf, +10% 14655 | RCM30E472K 1 
0150-0014 CG: ixd; cer, =.005 pi, 500 vdew D1-4 6 
0180-0055 C: fxd, alum elect, 4uf, 450 vdew D32478 1 
0370-0025 Knob: OHMS ADJ, 5040-0058 iL 
0370-0031 Knob: ZERO ADJ., round 0370-0031 if 
0370-0035 Knob: SELECTOR, RANGE 0370-0035 2 
0370-0048 Knob: engraved AC, round 0370-0048 if 
410B-19A Selector Switch Ass'y (interchangeable with 401B-19A il 
410B-19B) 
410B-19W Range Switch Ass'y 410B-19W 1 
410B-21B Ass'y, socket w/cable for probe diode 410B-218 1 
410B-21C Ass'y, probe contact for ac probe 410B-21C 1 
410B-21D Probe head 410B-21D 1 
410B-21E Sleeve for ac probe 410B-21E 1 
410B-21F Ring, retaining (ac probe) 410B-21F 1 
410B-21H Clip, ground, for ac probe 410B-21H il 
410B-21J Jumper, ground, for ac probe 410B-21J 1 
410B-21K Nut, dc probe 410B-21K 1 
410B-21L Body, dc probe 410B-21L a 
410B-21N Tip and contact spring (for 2-01C diode) 410B-21N 1 
410B-21P Tip and contact spring (for EA53 diode) 410B-21P 1 
00410-69501 Diode Replacement Kit 00410-69501 1 
Contains 6, 7B and 8B 
410B-21-95A]| Ass'y, test lead, includes ac probe (less diode) 410B-21-95A 
de probe, ohms probe, common lead, female 
connector board and shield. (interchangeable w/ 
410B-21-95B) 
Ass'y, ac probe (less diode) with cable 410B-21-95B 
Ass'y, de probe with cable 410B-21-95C 
Ass'y, ohms probe with cable 410B-21-95D 
Ass'y, common lead 410B-21-95E 
R: fxd, ww, 12 ohms 4108-26 1 
Shield, test lead terminal board 410B-55 
410B-76F Connector, female board 410B-76F 
410B-76M Connector board, male 410B-76M 
0687-1031 R: fxd, comp, 10 K ohm, +10%, 1/2 w EB-1031 1 
0687-2231 R: fxd, comp, 22 K ohm, +10%, 1/2 w EB-2231 1 
0687-5651 R: fxd, comp, 5.6 meg, +10%, 1/2 w EB-5651 1 
0687-6831 R: fxd, comp, 68 K ohms, +10%, 1/2 w EB-6831 1 
0689-1365 R: fxd, comp, 13 meg, +5%, 1w GB-1365 1 
0689-3315 R: fxd, comp, 330 ohms, +5%, 1 w GB-3315 2 
0689-3955 R: fxd, comp, 3.9 meg, +5%, lw GB-3955 2 
0689-6215 R: fxd, comp, 620 ohms, +5%, 1 w GB-6215 2 
0690-1001 R: fxd, comp, 10 ohms, +10%, lw GB-1001 1 
Optimum value selected at factory, 
Average value shown 
0690-1011 R: fxd, comp, 100 ohms, +10%, 1 w GB-1011 1 
0690-1801 R: fxd, comp, 18 ohms, +10%, 1w GB-1801 d 
0690-2221 R: fxd, comp, 2200 ohms, +10%. 1 w GB-2221 1 
0690-2261 R: fxd, comp, 22 meg, +10%, 1w GB-2261 2 
0690-2721 R: fxd, comp, 2700 ohms, +10%, 1 w GB-2721 1 
0690-3311 R: fxd, comp, 330 ohms, +10%, 1w GB-3311 1 
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0693-3301 
0693-3301 
0693-4721 
0693-6821 


0727-0043 
0727-0152 
0727-0204 
0727-0223 
0727-0244 


0727-0251 
0727-0095 


0730-0079 
0730-0096 
0730-0113 
0730-0130 


0733-0005 
0733-0011 


0816-0006 
0852-0003 
0900-0013 
1102-0009 
1400-0046 
1400-0084 


1450-0003 


1490-0010 
1490-0013 


1880-0005 
1920-0008 
1920-0010 
1930-0016 
1940-0007 
2100-0036 
2100-0050 


2100-0185 
2100-0206 
2100-0870 


2110-0016 
2110-0018 


2140-0009 
2190-0030 
2220-0001 
2220-0006 
2340-0001 
2360-0015 
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fxd, comp, 10 K ohm, +10%, 2 w 
fxd, comp, 33 ohms, +10%, 2w 

fxd, comp, 4700 ohms, +10%, 2 w 
fxd, comp, 6800 ohms, +10%, 2 w 


fxd, C flm, 100 ohms, +10%, 1/2 w 
fxd, C flm, 9000 ohms, +1%, 1/2 w 
fxd, C flm, 90 K ohm, +1%, 1/2 w 
fxd, depc, 216, 300 ohms, +1%, 1/2 w 
fxd, C flm, 500 K ohm, +1%, 1/2 2 


fxd, depc, 683,700 ohm, +1%, 1/2 2 
fxd, C flm, 900 ohm, +1%, 1/2 2 


fxd, depc, 216.3 K, +1%, lw 

fxd, depc, 683.7 K, +1%, lw 

fxd, depc, 2.163 meg, +1%, 1w, 500 vdcew 
fxd, depc, 6.837 meg, +1%, 1w 


fxd, depc, 21.63 meg, +1%, 2w 
fxd, depc, 46.74 meg, +1%, 2 w 


R: fxd, ww, 5K, +5%, 10 w 
Tube, ballast: #6-4, 6w 


- 


oot NAA Ay AA228 2248 


Clip, alligator 
Holder, fuse 


Pilot lamp jewel 


Body, Ohms probe 
Needle, phono 


Rectifier, metallic 


Tube, electron, 2-01C includes tip 
Tube, electron, EA53 includes spring tip _ 


Tube, electron, 6x4, rectifier 
Tube, electron, OB2, voltage regulator 


R: var, comp, lintap, 1K, +20%, 1/2 w 

R: var, ww, 2 sections, front: 100 ohms, 
200 ohms, +10%, lintap, 2 w 

R: var, comp, lin tap, 500 ohms, +30%, 1/4w 

R: var, ww, 30 ohms, +10%, 1 w 

R: var, ww, 25 ohms, +10%, lintap, 5 w 


rear: 


Fuse, cartridge: 0.6 amp, slowblow, for 115 v 
operation 

Fuse, cartridge: 1/4 amp, slowblow, for 230 v 
operation 

Lamp, incandescent: 6-8 v, .15 amp, #47 

Washer, lock, No. 4, 1/16 in. 

Screw, machine, fillister head, No. 4-40x3/16 in. 

Screw, machine, fillister head, No. 4-40x3. 4 in. 

Nut, No. 4-40 x 1/16 in. 

Screw, machine, round head, No. 6-32x 1-1/8in. 


Replaceable Parts (Cont'd) 


@) STOCK NO. DESCRIPTION MFR 


HB-1031 1 
HB-3301 
HB-4721 


HB-6821 


CVG 
MCS 1/2 
MCS 1/2 
MCS 1/2 
DCS 1/2 


NR Ree See 


MCS 1/2 
CVS 


DC-1 
DC-1 
DC-1 
DC-1 
DC-2 
DC-2 
obd# 
MEC-6-4 
0900-0013 
Model 121 


1400-0046 
342014 


81-121 


1490-0011 
1490-0013 


4SF-1H1-RV 


#2-01C 
EA53 


Lal cel el N~ ON 


obd# 
1332 


Series 45 
C2-252 


Type PM45 
E-870 
Series AW 


313. 600 


obd# 


#47 
2190-0030 
2220-0001 
2220-0006 
2340-0001 
2360-0015 
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cc | 


3050-0005 
3050-0065 


3100-0065 
3130-0030 


5080-0681 


8120-0003 
8120-0050 


8150-0138 
8150-0139 


9100-0021 


Washer, fiber, extruder #6 


Table 5-2. 


y f STOCK NO. DESCRIPTION MFR 


Washer, flat, fiber No. 6 


Switch, rotary: 
Switch, power: 


Tube, electron: 


Cable, coaxial, 


Power cord 


less components 
rear section of selector switch 


12AU7 


41 in. 


Cable, black, 42 in. 
Cable, red, 42 in. 


Transformer, power 


Replaceable Parts (Cont'd) 
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3050-0005 
3050-0023 


3100-0065 
135664-L2 


12AU7 


8120-0004 
KH4096 


8150-0138 
8150-0139 


4076 
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Appendix A 


APPENDIX 
CODE LIST OF MANUFACTURERS (Sheet 1 of 2) 


The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1 (Name to Code) 


and H4-2 (Code to Name) and their latest pa ane The date of revision and the date of the supplements used appear at 


the bottom of each page. Alphabetical codes 


ave been arbitrarily assigned to suppliers not appearing in the H4 handbooks. 


Code Code Code Code 
No. Manufacturer Address No. Manufacturer Address No. Manufacturer Address No. Manufacturer Address 
00000 U.S.A. Common Any supplier of U.S. 07115 Corning Glass Works 24655 General Radio Co. West Concord, Mass. 73293 Hughes Products Division of 
00136 McCoy Electronics Mount Holly Springs, Pa. Electronic Components Dept. Bradford, Pa. 26365 Gries Reproducer Corp. New Rochelle, N.Y. Hughes Aircraft Co. Newport Beach, Calif. 
00213 Sage Electronics Corp. Rochester, N. Y. 07126 Digitran Co. Pasadena, Calif. 26462 Grobet File Co. of America, Inc. Carlstadt, N.J. 73445 Amperex Electronic Co., Div. of North 
00334 Humidail Co. Colton, Calif. 07137 Transistor Electronics Corp. Minneapolis, Minn. 26992 Hamilton Watch Co. Lancaster, Pa. American Phillips Co, Inc. Hicksville, N.Y. 
00335 Westrex Corp. New York, N.Y. 07138 Westinghouse Electric Corp. 28480 Hewlett-Packard Co. Palo Alto, Calif. 73490 Beckman Helipot Corp. So. Pasadena, Calif. 
00373 Garlock Packing Co., Electronic Tube Div. Elmira, N.Y. 33173 G.E. Receiving Tube Dept. Owensboro, Ky. 73506 Bradley Semiconductor Corp. Hamden, Conn. 
Electronic Products Div. Camden, N.J. 07149 Filmohm Corp. New York, N.Y. 35434 Lectrohm Inc. Chicago, Ill. 73559 Carling Electric, Inc. Hartford, Conn. 
00656 Aerovox Corp. New Bedford, Mass. 07233 Cinch-Graphik Co. City of Industry, Calif. 36196 Stanwyck Corp. Hawkesbury, Ontario, Canada 73682 George K. Garrett Co., Inc. Philadelphia, Pa. 
00779 Amp, Inc. Harrisburg, Pa. 07261 Avnet Corp. Los Angeles, Calif. 37942 P.R. Mallory & Co., Inc. Indianapolis, Ind. 73734 Federal Screw Prod. Co. Chicago, Ill. 
00781 Aircraft Radio Corp. Boonton, N.J. 07263 Fairchild Semiconductor Corp. 39543 Mechanical Industries Prod, Co. Akron, Ohio 73743 Fischer Special Mfg. Co, Cincinnati, Ohio 
00815 Northern Engineering Laboratories, Inc. Mountain View, Calif. 40920 Miniature Precision Bearings, Inc. Keene, N.H. 73793 The General Industries Co, Elyria, Ohio 
Burlington, Wis. 07322 Minnesota Rubber Co. Minneapolis, Minn, 42190 Muter Co. Chicago, III. 73846 Goshen Stamping & Tool Co. Goshen, Ind. 
00853 Sangamo Electric Company, 07387 The Birtcher Corp. Los Angeles, Calif. 43990 C.A. Norgren Co. Englewood, Colo. 73899 JFD Electronics Corp. Brooklyn, N. Y. 
Ordill Division (Capacitors) Marion, Ill. 07700 Technical Wire Products Springfield, N.J. 44655 Ohmite Mfg. Co. Skokie, Ill. 73905 Jennings Radio Mfg. Co. San Jose, Calif. 
00866 Goe Engineering Co. Los Angeles, Calif. 07910 Continental Device Corp. Hawthorne, Calif. 47904 Polaroid Corp. Cambridge, Mass. 74276 Signalite Inc. Neptune, N.J. 
00891 Carl €. Holmes Corp. Los Angeles, Calif. 07933 Rheem Semiconductor Corp. Mountain View, Calif. 48620 Precision Thermometer and 74455 J.H. Winns, and Sons Winchester, Mass. 
01121 Allen Bradley Co. Milwaukee, Wis. 07966 Shockley Semi-Conductor Inst. Co. Philadelphia, Pa. 74861 Industrial Condenser Corp. Chicago, Ill. 
01255 Litton Industries, Inc. Beverly Hills, Calif. Laboratories Palo Alto, Calif. 49956 Raytheon Company Lexington, Mass. 74868 R.F. Products Division of Amphenol- 
01281 TRW Semiconductors Inc. Lawndale, Calif. 07980 Boonton Radio Corp. Boonton, N.J. 52090 Rowan Controller Co. Baltimore, Md. Borg Electronics Corp. Danbury, Conn. 
01295 Texas Instruments, Inc. 08145 U.S. Engineering Co. Los Angeles, Calif. 63743 Ward Leonard Electric Mt. Vernon, N.Y. 74970 €.F. Johnson Co. Waseca, Minn. 
Transistor Products Div. Dallas, Texas 8289 Blinn, Delbert, Co. Pomona, Calif. 54294 Shallcross Mfg. Co. Selma, N.C. 75042 International Resistance Co. Philadelphia, Pa. 
01349 The Alliance Mfg. Co. Alliance, Ohio 08358 Burgess Battery Co. 55026 Simpson Electric Co. Chicago, Ill. 75173 Jones, Howard B., Division 
01561 Chassi-Trak Corp. Indianapolis, Ind. Niagara Falls, Ontario, Canada. 55933 Sonotone Corp. Elmsford, N.Y. of Cinch Mfg. Corp. Chicago, Ill. 
01589 Pacific Relays, Inc. Van Nuys, Calif. 8717 Sloan Company Burbank, Calif. 55938 Sorenson & Co., Inc. So. Norwalk, Conn. 75378 James Knights Co. Sandwich, Ill. 
01930 Amerock Corp Rockford, Ill. 08718 Cannon Electric Co.,Phoenix Div. Phoenix, Ariz. 56137 Spaulding Fibre Co., Inc. Tonawanda, N.Y. 75382 Kulka Electric Corporation Mt. Vernon, N.Y. 
01961 Pulse Engineering Co, Santa Clara, Calif. 8792 CBS Electronics Semiconductor 56289 Sprague Electric Co. North Adams, Mass. 75818 Lenz Electric Mfg. Co. Chicago, Ill. 
02114 Ferroxcube Corp. of America Saugerties, N.Y. Operations,Div.of C.B.S.,Inc. Lowell, Mass. 59446 Telex, Inc. St. Paul, Minn. 75915 Littlefuse Inc. Des Plaines, III. 
02286 Cole Mfg. Co. Palo Alto, Calif. 08984 Mel-Rain Indianapolis, Ind. 59730 Thomas & Betts Co. Elizabeth 1, N.J. 76005 Lord Mfg. Co. Erie, Pa. 
02660 Amphenol-Borg Electronics Corp. Chicago, Ill. 09026 Babcock Relays, Inc. Costa Mesa, Calif. 60741 Tripplett Electrical Inc. Bluffton, Ohio 76210 C.W. Marwedel San Francisco, Calif. 
02735 Radio Corp. of America, Semiconductor 9134 Texas Capacitor Co. Houston, Texas 61775 Union Switch and Signal, Div. of 76433 Micamold Electronic Mfg. Corp. Brooklyn, N.Y. 
and Materials Div. Somerville, N.J. 09145 Atohm Electronics Sun Valley, Calif. Westinghouse Air Brake Come SwisevalanPas 76487 James Millen Mfg. Co., Inc. Malden, Mass. 
02771 Vocaline Co. of America, Inc. 09250 Electro Assemblies, Inc. Chicago, Ill. 62119 Universal Electric Co. Owosso, Miche 76493 J.W. Miller Co, Los Angeles, Calif. 
Old Saybrook, Conn. 09569 Mallory Battery Co. of 63743 Ward-Leonard Electric Co. Mt. Vernon, N.Y. 76530 Monadnock Mills San Leandro, Calif. 
02777 Hopkins Engineering Co. San Fernando, Calif. Canada, Ltd. Toronto, Ontario, Canada 64959 Western Electric Co., Inc. New York, N.Y. 76545 Mueller Electric Co, Cleveland, Ohio. 
03508 G.E. Semiconductor Products Dept. Syracuse, N.Y. 09664 The Bristol Co. Waterbury, Conn. 65092 Weston Inst. Div. of ‘Daystrom, incl Newark, NJ. 76854 Oak Manufacturing Co. Crystal Lake, Ill. 
meee ae Machine & Tool Co. Dayton, Ohio 10214 General Transistor Western Poe oe 66295 Wittek Manufacturing Co. Chicago 23, Ill. 77068 Bendix Pacific Division of 
0379 dema Corp. El Monte, Calif. os Angeles, Calif. . Bendix Corp. No. Hollywood, Calif. 
03877 Transitron Electronic Corp. Wakefield, Mass. 10411 Ti-Tal, Inc. Berkeley, Calif. ia Ht dirs ee sear RN 71075 Pacific Metals Co. San riateeent Calif. 
03888 Pyrofilm Resistor Co. Morristown, N.J. 10646 Carborundum Co. Niagara Falls, N.Y. 70309 Allied Control Co.. Inc. New York. N.Y. 77221 Phaostran Instrument and 
03954 Air Marine Motors, Inc. Los Angeles, Calif. 11236 CTS of Berne, Inc. Berne, Ind. 70319 Allmetal Screw Prod. Co., Inc. s Electronic Co. South Pasadena, Calif. 
04009 Arrow, Hart and Hegeman Elect. Co. 11237 Chicago Telephone of California, Me Garden City, N.Y. 77250 Phoell Mfg. Co. Chicago, Ill. 
Hartford, Conn. So. Pasadena, Calif. : 77 Philadelphi land Wi : 
04013 Taurus Corp. Lambertville, N. J. 11312 Microwave Electronics Corp. Palo Alto, Calif. bs Aone ge Mors an: ore Be a CRs ae Philadelphia, Pa. 
04062 Elmenco Products Co. New York, N.Y. 11534 Duncan Electronic, Inc. Santa Ana, Calif. 70903 Belden Mfg. Co. ; Chicago Ill. 77342 Potter and Brumfield, Div. of American 
04222 Hi-Q Divtsion of Aerovox Myrtle Beach, S.C. 11711 General Instrument Corporation 70998 Bird Electronic Corp. Cleveland ‘Ohio Machine and Foundry Princeton, Ind. 
04298 Elgin National Watch Co., Semiconductor Division Newark, N.J. 71002 Birnbach Radio Co. New York, N.Y. 77630 Radio Condenser Co. Camden, N.J. 
Electronics Division Burbank, Calif. 11717 Imperial Electronic, Inc. Buena Park, Calif. 7i041) Boston Gear Works DIV. of 77638 Radio Receptor Co., Inc. Brooklyn, N.Y. 
04354 Precision Paper Tube Co. Chicago, Ill. 11870 Melabs, Inc. Palo Alto, Calif. MurrayiGou ct Texas Quincy, Mass 71764 Resistance Products Co. Harrisburg, Pa. 
04404 Dymec Division of Hewlett-Packard Co. 12136 Philadelphia Handle Co. Camden, N. J. 71218 Bud mae ire Renin Ohio 77969 Rubbercraft Corp. of Calif. Torrance, Calif. 
Palo Alto, Calif. 12697 Clarostat Mfg. Co. Dover, N.H. ‘ ; ivisi inoi 
04651 Sylvania Electric Prods. , Inc. 12859 Nippon Electric Co., Ltd. Tokyo, Japan a prea etre Pree? a Shahan! ae Elgin, Wl. 
Electronic Tube Div. | Mountain View, Calif. 12930 Delta Semiconductor Inc. | Newport Beach, Calif. Prod. Corp Plainville, Conn 78283 Signal Indicator Corp. New York, N.Y. 
04713 Motorola, Inc., Semiconductor Prete Div. ; ee ete een ; ee Texas 714007 Bussmanni Fuse DivMenuccraW: ; ; 78290 Struthers-Dunn Inc. Pitman, N.J. 
oenix, Arizona elefunken (G.M.B.H. annover, Germany ; : FI i 
04732 Filtron Co., Inc., Western Div. Culver City, Calif. 13835 Midland Mfg. Co. Kansas City, Kansas Neko Edison Co. St. Louis, Mo. 78452 Thompson Bremer & Co. Chicago, Mt. 
, icago Condenser Corp. Chicago, III. 78471 Tilley Mfg. Co. San Francisco, Calif. 
04773 Automatic Electric Co. Northlake, Ill. 14099 Sem-Tech Newbury Park, Calif. 71450 CTS Corp Elkhart. Ind 78488 Stackpole Carbon Co. St. Marys, Pa. 
04777 Automatic Electric Sales Corp. Northlake, Ill. 14193 Calif. Resistor Corp. Santa Monica, Calif. 71468 C EI TG losvAneel C lif. 78493 Standard Thomson Corp. Waltham Nass. 
04796 Sequoia Wire & Cable Co. Redwood City, Calif. 14298 American Components, Inc. Conshohocken, Pa. SO cre eae os oS ARG NOS rca Me 78553 Tinn Products, | Clevel fl Ohi 
04811 Precision Coil Spring Co. El Monte, Calif. 14655 Cornell Dubilier Elec. Corp. So. Plainfield, N.J. T1471 Cinema Engineering Co. Burbank, Calif. eee wat . pee pA es anes i. 
04870 P.M. Motor Company Chicago 44, Ill. 14960 Williams Mfg. Co. San Jose, Calif. 71482 C.P. Clare & Co. ; Chicago, II. UE UL UC ude asada Calls 
78947 Ucinite Co, Newtonville, Mass 
05006 Twentieth Century Plastics, Inc, 15203 Webster Electronics Co. Inc. Brooklyn, N.Y. 71590 Centralab Div. of Globe Union Inc. : 79142 Veeder Roct, | Hartford Goat 
Los Angeles, Calif. 15291 Adjustable Bushing Co. N. Hollywood, Calif. ? Milwaukee, Wis. 79251 Wen ae Ree pA LUE 
0277 Westinghouse Electric Corp., 15772 Twentieth Century 71616 Commercial Plastics Co, Chicago, Ill. a stir i oe : ae Chicago, Ill. 
sae at a Yast kale ele te sara H1744 Cheage Miietre Laep Works. Caeago, il bi 
05347 Ultronix, Inc. San Mateo, Calif. 15909 The Daven Co. Livingston, N.J. SA eed At alae jeri Ney 
05593 Illumitronic Engineering Co. Sunnyvale, Calif. 16037 Spruce Pine Mica Co. Spruce Pine, N. C. TIS Gols SUN Srey OHOABY WE Rat Ziorick WEE. Cop eee 
05616 Cosmo Plastic 16352 Computer Diode Corp. Lodi, N. J. , West Orange, N.J. BO Menee Cis anil ae ; 
(c ‘0 Electrical Spec. Co.) Cleveland, Ohio 16688 De Jur-Amsco Corporation 71785 Cinch Mfg. Corp. Chicago, Ill. S kaee: Mortistowny NJ; 
05624 Barber Colman Co Rockford, III Long Island City 1, N.Y 71984 Dow Corning Corp. Midland, Mich. Sei) STRICT Aaa meat 
05728 Tiffen Optical Co. rik 16758 Delco Radio Di ; ona 72032 Eitel-MeCullough, Inc. San Bruno, Calif. SOLge Times Face On Koy Verh 
: v. of GM. Corp. Kokomo, Ind. 80131 Electronic Industries Association. Any brand 
Roslyn Heights, Long Island, N.Y. 17109 Thermonetics Inc. Canoga Park, Calif. 72136 Electro Motive Mfg. Co., Inc. a See ; ey 
05729 Metropolitan Telecommunications Corp. , 17474 Tranex Company Mountain View, Calif. Willimantic, Conn. tube meeting EIA’ standards Washington, D.C. 
Metro Cap. Division Brooklyn, N.Y. 18486 Radio Industries Des Plaines, III. 11707 Coto Coil Co., Inc. Providence, R.I. 50207 lupin es Sa eeu 5 
05783 Stewart Engineering Co. Santa Cruz, Calif. 18583 Curtis Instrument Inc. Mt. Kisco, N.Y. 72354 John E. Fast & Co. Chicago, Ill. uv eceumaxs Oni C lbs Wallingford, Conn. 
05820 Wakefield Engineering Inc. Wakefield, Mass. 18873 E£.1. DuPont and Co., Inc. Wilmington, Del. 72619 Dialight Corp. Brookynya Nac ool Teen cars es Usa eee 
06004 The Bassick Co. Bridgeport, Conn. 19315 Eclipse Pioneer, Div. of 72656 General Ceramics Corp. Keasbey, N.J. O02 Oxtord) Electric Garp: _ Chicago, Il. 
06175 Bausch and Lomb Optical Co. Rochester, N.Y. Bendix Aviation Corp. Teterboro, N.J. 72699 General Instrument Corp., ane Bourn Leabear wes ee piss a 
06402 £E.T.A, Products Co. of America Chicago, Ill. 19500 Thomas A. Edison Industries, : Semiconductor Div. Newark, NJ ROHL clo. DNs eI NOT ARR F 
06475 Western Devices, Inc. inglewood Gait: Div. of McGraw-Edison Co. West Orange, N.J. 72758 Girard-Hopkins Oakland, Calif. ; Fulton Controls Co. Columbus 16, Ohio 
06540 Amatom Electronic 19701 Electra Manufacturing Co. Kansas City, Mo. 72165 Drake Mfg. Co. Chicago, Ml. ae ih See C Bester: 
Hardware Co. Inc. New Rochelle, N. Y. 20183 Electronic Tube Corp. Philadelphia, Pa. 72825 Hugh H. Eby Inc. Philadelphia, Pa. ey paiiponade pip kane 
06555 Beede Electrical Instrument Co., Inc. 21226 Executive, Inc. New York, N.Y. 72928 Gudeman Co. Chicago, Ill. S658), Hemme: Wee it ice Wem Yeti 
Penacook, N.H. 21520 Fanstee! Metallurgical Corp. No. Chicago, III. 72964 Robert M. Hadley Co. Los Angeles, Calif. paris ehh Bag Sor ea LEB [eb 
06751 U. S. Semcor Division of Nuclear Corp. 21335 The Fafnir Bearing Co. New Britain, Conn. 72982 Erie Resistor Corp. _ Erie, Pa. itemmattonal:tnstrumentsssInc: 4 
of America Phoenix, Arizona 21964 Fed. Telephone and Radio Corp. _— Clifton, N.J. 73061 Hansen Mfg. Co., Inc. Princeton, Ind. ew Haven, Conn. 
06812 Torrington Mfg. Co., West Div. Van Nuys, Calif, 24446 General Electric Co. Schenectady, N.Y. ah bee bisot of : Chicago, Il. Hee pt hge ie Mot ae pert 
" elipot Div. of Beckman f : 
07088 Kelvin Electric Co. Van Nuys, Calif. 24455 G.E., Lamp Division Nela Park, Cleveland, Ohio iN is Fullerton, Calif. 81312 Winchester Electronics Co., Inc. Norwalk, Conn. 
Galley 3 — Hewlett Packard Code List 
From: FSC. Handbook Supplements 
00015-39 H4-1 Dated DECEMBER 1964 
Revised: February, 1965 H4-2. Dated MARCH 1962 


& MANUAL CHANGES 


MODEL 410B Vacuum Tube Voltmeter 
Manual Serial Prefixed: 024- 


HP Part No. 410B-901 


Instrument Serial Number Make Manual Changes Instrument Serial Number Make Manual Changes 


HP Part No. and HP Stock No. are synonymous 


Errata Paragraph 2-8. step c (third sentence from last) 
Change ~hp- Model 455A to ~hp- Model 11042A 


Figure 4-1 


Add Note: Part numbers are listed under the Miscellaneous portion 
of Table 5-1 


31 August 1965 L Supplement A for 


410B-901 


7 a he 


ed tay Ivins #4 5 


Code 
No. 


81349 
81415 
81453 


81483 
81541 
81860 
82042 
82142 


82170 
82209 
82219 


82376 
82389 
82647 


82866 
82877 
82893 
83053 
83058 
83086 


83125 
83148 
83186 
83298 
83315 
83330 
83385 
83501 


83594 


83740 
83777 
83821 
84171 
84396 
84411 
84970 
85454 
85471 


Monufocturer Address 
Military Specification == eae 
Wilkor Products, Inc. Cleveland, Ohio 


Raytheon Mfg. Co., Industrial Components 

Div., Industr. Tube Operations Newton, Mass. 
International Rectifier Corp. El Segundo, Calif. 
The Airpax Products Co. Cambridge, Mass. 
Barry Controls, Inc. Watertown, Mass. 


Carter Parts Co. Skokie, Ill. 
Jeffers Electronics Division of 

Speer Carbon Co. Du Bois, Pa. 
Allen B. DuMont Labs, Inc. Clifton, N.J. 


Maguire Industries, Inc. 
Sylvania Electric Prod. Inc. 


Greenwich, Conn. 


Electronic Tube Div. Emporium, Pa. 
Astron Co. East Newark, N.J. 
Switchcraft, Inc. Chicago, Ill. 


Metals and Controls, Inc., Div. of 
Texas Instruments, Inc., 
Spencer Prods. 

Research Products Corp. 

Rotron Manufacturing Co., Inc. 

Vector Electronic Co. 

Western Washer Mfr. Co. Los Angeles, Calif. 

Carr Fastener Co. Cambridge, Mass. 

New Hampshire Ball Bearing, Inc. 

Peterborough, N.H. 
Darlington, S.C. 

Los Angeles, Calif. 
Springfield, N.J. 
Red Bank, N.J. 

Mundelein, Ill. 
Brooklyn, N.Y. 
Chicago, III. 


Attleboro, Mass. 

Madison, Wis. 
Woodstock, N.Y. 
Glendale, Calif. 


Pyramid Electric Co. 

Electro Cords Co. 

Victory Engineering Corp. 

Bendix Corp., Red Bank Div. 

Hubbell Corp. 

Smith, Herman H., Inc. 

Central Screw Co. 

Gavitt Wire and Cable Co., 
Div. of Amerace Corp. 

Burroughs Corp., 
Electronic Tube Div. 

Eveready Battery 

Model Eng. and Mfg., Inc. 


Brookfield, Mass. 


Plainfield, N.J. 
New York, N.Y. 
Huntington, Ind. 


Loyd Scruggs Co. Festus, Mo. 
Arco Electronis, Inc. New York, N.Y. 
A.J. Glesener Co., Inc. San Francisco, Calif. 
Good All Electric Mfg. Co. Ogallala, Neb. 
Sarkes Tarzian, Inc. Bloomington, Ind. 
Boonton Molding Company Boonton, N.J. 


A.B. Boyd Co. San Francisco, Calif. 
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Code 
No. 


85474 
85660 
85911 
86197 
86579 
86684 


87216 


87473 


87664 
87930 
88140 
88220 
88698 
89231 
89462 
89473 


89636 


89665 
90179 


90970 
91260 
91345 
91418 
91506 
91637 
91662 
91737 
91827 
91929 


91961 
92180 
92196 
92367 
92607 
93332 


93369 
93410 
93788 


APPENDIX 


Address 


Manufacturer 


“R.M. Bracamonte & Co. 
Koiled Kords, Inc. 


San Francisco, Calif. 
New Haven, Conn. 


Seamless Rubber Co. Chicago, Ill. 
Clifton Precision Products Clifton Heights, Pa. 
Precision Rubber Products Corp. Dayton, Ohio 
Radio Corp. of America, RCA 

Electron Tube Div. Harrison, N.J. 
Philco Corporation (Lansdale 

Division) Lansdale, Pa. 


Western Fibrous Glass Products Co. 
San Francisco, Calif. 


Van Waters & Rogers Inc. Seattle, Wash. 


Tower Mfg. Corp Providence, R. |. 
Cutler-Hammer, Inc. Lincoln, Il. 
Gould-National Batteries, Inc. St. Paul, Minn, 
General Mills, Inc. Buffalo, N.Y. 
Graybar Electric Co. Oakland, Calif. 


Waldes Kohinoor, Inc. Cambridge, Mass. 
General Electric Distributing Corp. 
Schenectady, N.Y. 


Carter Parts Div. of Economy Baler Co. 
Chicago, III. 
United Transformer Co. Chicago, Ill. 
U.S. Rubber Co., Mechanical 
Goods Div. Passaic, N.J. 


Bearing Engineering Co. 
Connor Spring Mfg. Co. 
Miller Dial & Nameplate Co. 
Radio Materials Co. 

Augat Brothers’, Inc. 

Dale Electronics, Inc. 

Elco Corp. 


San Francisco, Calif. 
San Francisco, Calif. 
El Monte, Calif. 
Chicago, Ill. 
Attleboro, Mass. 
Columbus, Nebr. 
Philadelphia, Pa. 
Gremar Mfg. Co., Inc. Wakefield, Mass. 
K F Development Co. Redwood City, Calif. 
Minneapolis-Honeywell Regulator Co., 

Microswitch Div, Freeport, Ill. 
Nahm-Bros. Spring Co. Oakland, Calif. 
Tru-Connector Corp. Peabody, Mass. 
Universal Metal Prod., Inc. Bassett Puente, Calif. 
Elgeet Optical Co., Inc. Rochester, N.Y. 
Tinsolite Insulated Wire Co. Tarrytown, N.Y. 
Sylvania Electric Prod, Inc., 

Semiconductor Div. 
Robbins and Myers, Inc. 
Stevens Mfg. Co., Inc. 
Howard J. Smith Inc. 


Woburn, Mass. 

New York, N.Y. 
Mansfield, Ohio 

Port Monmouth, N. J. 
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Code 
No. 


93929 
93983 


94137 
94144 


94145 
94148 


94154 
94197 


94222 
94310 


94330 
94682 


95023 
95236 
95238 
95263 
95264 
95265 
95275 
95348 
95354 
95712 
95987 
96067 
96095 
96256 


96296 
96330 
96341 
96501 
97464 
97539 


97966 
97979 


98141 
98159 


Manufacturer Address 
G. V. Controls 
Insuline-Van Norman Ind., Inc. 
Electronic Division Manchester, N.H. 
General Cable Corp. Bayonne, N.J. 
Raytheon Mfg. Co., Industrial Components 
Div., Receiving Tube Operation Quincy, Mass. 
Raytheon Mfg. Co., Semiconductor Div., 
California Street Plant Newton, Mass. 
Scientific Radio Products, Inc. 


Livingston, N. J. 


Loveland, Colo. 
Tung-Sol Electric, Inc. Newark, N.J. 
Curtiss-Wright Corp. , 


Electronics Div. East Paterson, N.J. 


Southco Div. of S. Chester Corp. Lester, Pa, 
Tru Ohm Prod. Div. of Model 

Engineering and Mfg. Co. Chicago, Ill. 
Wire Cloth Products Inc, Chicago, Ill. 


Worcester Pressed Aluminum Corp. 
Worcester, Mass. 


Philbrick Researchers, Inc. Boston, Mass. 


Allies Products Corp. Miami, Fla. 
Continental Connector Corp. Woodside, N.Y. 
Leecraft Mfg. Co., Inc. New York, N.Y. 


Lerco Electronics, Inc. 
National Coil Co. 
Vitramon, Inc. 


Burbank, Calif. 
Sheridan, Wyo. 
Bridgeport, Conn. 


Gordas Corp. Bloomfield, N.J. 
Methode Mfg. Co. Chicago, Ill. 
Dage Electric Co., Inc. Franklin, Ind. 
Weckesser Co. Chicago, III. 
Huggins Laboratories Sunnyvale, Calif. 
Hi-Q Division of Aerovox Olean, N.Y. 
Thordarson-Meissner Div. of 
Maguire Industries, Inc. Mt. Carmel, Ill. 
Solar Manufacturing Co. Los Angeles, Calif. 
Carlton Screw Co. Chicago, Ill. 
Microwave Associates, Inc. Burlington, Mass. 
Excel Transformer Co. Oakland, Calif. 
Industrial Retaining Ring Co. Irvington, N.J. 
Automatic and Precision Mfg. Co. 
Yonkers, N.Y. 


CBS Electronics, 

Div. of C.B.S., Inc. 
Reon Resistor Corp. 
Axel Brothers Inc. 
Rubber Teck, Inc. 


Danvers, Mass. 
Yonkers, N.Y. 
Jamaica, N.Y. 
Gardena, Calif. 


Code 
No. 


98220 
98278 
98291 
98405 
98731 
98821 
98925 


98978 
99109 
99313 
99515 
99707 
99800 
99848 
99934 
99942 


99957 


Appendix A 


Manufacturer Address 


Francis L. Mosley Pasadena, Calif. 


Microdot, Inc. So. Pasadena, Calif. 
Sealectro Corp. Mamaroneck, N.Y. 
Carad Corp. Redwood City, Calif. 
General Mills Minneapolis, Minn. 


North Hills Electric Co. 
Clevite Transistor Prod. 
Div. of Clevite Corp. 
International Electronic 
Research Corp. 
Columbia Technical Corp. 
Varian Associates 
Marshall Industries, Electron 
Products Division Pasadena, Calif. 
Control Switch Division, Controls Co. 
of America El Segundo, Calif. 
Delevan Electronics Corp. East Aurora, N.Y. 
Wilco Corporation Indianapolis, Ind. 
Renbrandt, Inc. Boston, Mass. 
Hoffman Semiconductor Div. of 
Hoffman Electronics Corp. 
Technology Instrument Corp 
of Calif. 


Mineola, N.Y. 
Waltham, Mass. 
Burbank, Calif. 


New York, N.Y. 
Palo Alto, Calif. 


Evanston, Ill. 


Newbury Park, Calif. 


THE FOLLOWING H-P VENDORS HAVE NO NUM- 
BER ASSIGNED IN THE LATEST SUPPLEMENT TO 
THE FEDERAL SUPPLY CODE FOR MANUFAC- 
TURERS HANDBOOK. 


J0000 


QO00F 
0000M 


ooooP 
00002 
OOOAA 
000AB 
OO0AC 
00088 


000MM 
OOONN 
000QQ 
0008S 

OoOWwW 


OOOYY S.K. Smith Co. 


From: 


Winchester Electronics, Inc. 
Santa Monica, Calif. 
Malco Tool and Die Los Angeles, Calif. 
Western Coil Div. of Automatic 
Ind., Inc. Redwood City, Calif. 


Ty-Car Mfg. Co., Inc. Holliston, Mass. 


Willow Leather Products Corp. Newark, N.J. 
British Radio Electronics Ltd. Washington, D.C. 
ETA England 
Indiana General Corp., Elect. Div. Indiana 


Precision Instrument Components Co. 
Van Nuys, Calif. 
Hayward, Calif. 
San Jose 27, Calif. 
Oakland, Calif. 
Burbank, Calif. 
Burlingame, Calif. 
Los Angeles 45, Calif. 


Rubber Eng. & Development 
A '‘N"' D Manufacturing Co. 
Cooltron 

Control of Elgin Watch Co, 
California Eastern Lab. 
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SALES AND SERVICE OFFICES IN THE U.S. AND CANADA 


ALABAMA 


Huntsville, 35801 
Hewlett-Packard 

Southern Sales Division 
Holiday Office Ctr., Suite 18 
(205) 881-4591 

TWX: 510-579-2204 


ARIZONA 
Scottsdale, 85251 
Hewlett-Packard 
Neely Sales Division 
3009 No. Scottsdale Rd. 
(602) 945-7601 
TWX: 602-949-0111 
Tucson, 85716 
Hewlett-Packard 
Neely Sales Division 
232 So. Tucson Blvd. 
(602) 623-2564 
TWX: 662-792-2759 


CALIFORNIA 


Los Angeles Area 
Hewlett-Packard 

Neely Sales Division 

3939 Lankershim Blvd. 

North Hollywood 91604 
(213) 877-1282 and 766-3811 
TWX: 910-499-2170 


Sacramento, 95821 
Hewlett-Packard 
Neely Sales Division 
2591 Carlsbad Ave. 
(916) 482-1463 
TWX: 916-444-8683 
San Diego, 92106 
Hewlett-Packard 
Neely Sales Division 
1055 Shafter Street 
(714) 223-8103 
TWX-714-276-4263 
San Francisco Area 
Hewlett-Packard 
Neely Sales Division 
501 Laurel Street 
San Carlos 94071 
(415) 591-7661 
TWX: 910-376-4390 


COLORADO 
Englewood, 80110 
Hewlett-Packard 
Lahana Sales Division 
7965 East Prentice 
(303) 771-3455 
TWX: 303-771-3056 

CONNECTICUT 
Middletown, 06458 
Hewlett-Packard 
Yewell Sales Division 
589 Saybrook Rd. 
(203) 346-6611 
TWX: 203-346-7433 


FLORIDA 
Miami, 33125 
Hewlett-Packard 
Florida Sales Division 
2907 Northwest 7th St. 
(305) 635-6461 
Orlando, 32803 
Hewlett-Packard 
Florida Sales Division 
621 Commonwealth Ave. 
(305) 425-5541 
TWX: 305-275-1234 


St. Petersburg, 33708 
Hewlett-Packard 

Florida Sales Division 
410-150th Ave., Madeira Beach 
(813) 391-0211 

TWX: 813-391-0666 


GEORGIA 


Atlanta, 30305 
Hewlett-Packard 
Southern Sales Division 
3110 Maple Drive, N. E. 
(404) 233-1141 

TWX: 810-751-3283 


ILLINOIS 
Chicago, 60645 
Hewlett-Packard 
Crossley Sales Division 
2501 West Peterson Ave. 
(312) 275-1600 
TWX: 910-221-0277 


INDIANA 
Indianapolis, 46205 
Hewlett-Packard 
Crossley Sales Division 
3919 Meadows Dr. 
(317) 546-4891 
TWX: 317-635-4300 


KENTUCKY 
Louisville, 40218 
Hewlett-Packard 
Southern Sales Division 
Suite 4, 3411 Bardstown Rd. 
(502) 459-4140 
TWX: 810-535-3128 


MARYLAND 
Baltimore, 21207 
Hewlett-Packard 
Horman Sales Division 
6660 Security Blvd. 
(301) 944-5400 
Washington, D. C. Area 
Hewlett-Packard 
Horman Sales Division 
941 Rollins Avenue 
Rockville 20852 
(301) 427-7560 
TWX: 710-828-9684 


MASSACHUSETTS 
Boston Area 
Hewlett-Packard 
Yewell Sales Division 
Middlesex Turnpike 
Burlington 01804 
(617) 272-9000 
TWX: 710-332-0382 


MICHIGAN 
Detroit, 48235 
Hewlett-Packard 
Crossley Sales Division 
14425 West Eight Mile Road 
(313) 342-5700 
TWX: 313-342-0702 


MINNESOTA 
St. Paul, 55114 
Hewlett-Packard 
Crossley Sales Division 
842 Raymond Avenue 
(612) 646-7881 
TWX: 612-551-0055 


MISSOURI 
Kansas City, 64131 
Harris-Hanson Company 
7916 Paseo Street 
(816) 444-9494 
TWX: 816-556-2423 
St. Louis, 63144 
Harris-Hanson Company 


2814 South Brentwood Blvd. 


(314) 647-4350 
TWX: 314-962-3933 


NEW JERSEY 
Asbury Park Area 
Hewlett-Packard 
Robinson Sales Division 
Shrewsbury 
(201) 747-1060 


Englewood, 07631 
Hewlett-Packard 
RMC Sales Division 
391 Grand Avenue 
(201) 567-3933 


NEW MEXICO 


Albuquerque, 87108 
Hewlett-Packard 

Neely Sales Division 
6501 Lomas Blvd., N. E. 
(505) 255-5586 

TWX: 505-243-8314 


Las Cruces, 88001 
Hewlett-Packard 
Neely Sales Division 
114 S. Water Street 
(505) 526-2486 
TWX: 505-524-2671 


NEW YORK 


New York, 10021 
Hewlett-Packard 

RMC Sales Division 
236 East 75th Street 
(212) 879-2023 

TWX: 710-581-4376 
Rochester, 14625 
Hewlett-Packard 
Syracuse Sales Division 
800 Linden Avenue 
(716) 381-4120 

TWX: 716-221-1514 
Poughkeepsie, 12601 
Hewlett-Packard 
Syracuse Sales Division 
82 Washington St. 
(914) 454-7330 

TWX: 914-452-7425 
Syracuse, 13211 
Hewlett-Packard 
Syracuse Sales Division 


Pickard Bldg., E. Molloy Rd. 


(315) 454-2486 
TWX: 315-477-1375 


NORTH CAROLINA 


High Point, 27262 
Hewlett-Packard 
Southern Sales Division 
1923 N. Main Street 
(919) 882-6873 

TWX: 510-926-1516 


OHIO 


Cleveland, 44129 
Hewlett-Packard 
Crossley Sales Division 
5579 Pearl Road 

(216) 884-9209 

TWX: 216-888-0715 
Dayton, 45409 
Hewlett-Packard 
Crossley Sales Division 
1250 W. Dorothy Lane 
(513) 299-3594 

TWX: 513-944-0090 


PENNSYLVANIA 
Camp Hill 
Hewlett-Packard 


Robinson Sales Division 
(717) 737-6791 


Philadelphia Area 
Hewlett-Packard 

Robinson Sales Division 

144 Elizabeth Street 

West Conshohocken 19428 
(215) 248-1600 and 828-6200 
TWX: 215-828-3847 


Pittsburgh Area 
Hewlett-Packard 
Crossley Sales Division 
2545 Moss Side Blvd. 
Monroeville 15146 
(412) 271-5227 

TWX: 710-797-3650 


TEXAS 


Dallas, 75209 

Hewlett-Packard 

Southwest Sales Division 

P.O. Box 7166, 3605 Inwood Rd. 
(214) 357-1881 and 332-6667 
TWX: 910-861-4081 


Houston, 77027 

Hewlett-Packard 

Southwest Sales Division 

P.O. Box 22813, 4242 Richmond Ave. 
(713) 667-2407 

TWX: 713-571-1353 


UTAH 


Salt Lake City, 84115 
Hewlett-Packard 
Lahana Sales Division 
1482 Major St. 

(801) 486-8166 

TWX: 801-521-2604 


VIRGINIA 


Richmond, 23230 
Hewlett-Packard 
Southern Sales Division 
2112 Spencer Road 
(703) 282-5451 

TWX: 703-282-9986 


WASHINGTON 


Seattle Area 
Hewlett-Packard 
Neely Sales Division 
11656 N. E. 8th St. 
Bellevue 98004 
(206) GL4-3971 
TWX: 910-443-2303 


CANADA 


Montreal, Quebec 
Hewlett-Packard (Canada) Ltd. 
8270 Mayrand Street 

(514) 735-2273 

TWX: 610-421-3484 


Ottawa, Ontario 
Hewlett-Packard (Canada) Ltd. 
1762 Carling Avenue 

(613) 722-4223 

TWX: 610-562-1952 


Toronto, Ontario 
Hewlett-Packard (Canada) Ltd. 
1415 Lawrence Avenue, West 
(416) 249-9196 

TWX: 610-492-2382 


HEWLETT ,hp, PACKARD 
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INTERNATIONAL SALES AND SERVICE OFFICES 


ARGENTINA 
Mauricio A. Saurez 
Telecommunicaciones 
Carlos Calvo 224, Buenos Aires 
Tel: 30-6312 
AUSTRALIA 
Sample Electronics (Vic.) Pty, Ltd. 
9-11 Cremorne Street 
Richmond E. 1, Victoria 
Tel: 42-4757 (3 lines) 
Sample Electronics (N.S.W.) Pty. Ltd. 
4 Grose Street, Glebe, Sydney 
New South Wales 
Tel: 69-6338 (6 lines) 
AUSTRIA 
Unilabor G.m.b.H. 
Rummelhardtgasse 6/3 
Vienna 
Tel: 426.181 
BELGIUM 
Hewlett-Packard Benelux S.A. 
20-24 Rue de |’Hopital, Brussels 
Tel: 11.22.20 
BRAZIL 


Ciental Importacao E Comercio Ltda. 


Rua Cons. Crispiniano, 69, 8. ° And., 
Conj. 81, Sao Paulo 
Tel: 32-4332 


CANADA 


Hewlett-Packard (Canada) Ltd. 
8270 Mayrand Street 
Montreal, Quebec 
(514) 735-2273 
Hewlett-Packard (Canada) Ltd. 
1762 Carling Avenue 
Ottawa, Ontario 
(613) 722-8162 
Hewlett-Packard (Canada) Ltd. 
1415 Lawrence Avenue W. 
Toronto, Ontario 
(416) 249-9196 
CHILE 
Hector Calcagni 
Casilla 13942 
Santiago 
Tel: 6.42.26 
DENMARK 
Tage Olsen A/S 
Ronnegade 1 
Copenhagen 
Tel: 29.48.00 
FINLAND 
INTO 0/Y 
P. 0. Box 153 
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Appendix C 


Manual Serial Prefixed 024 
-hp- Part No. 410B-901 


To adapt this manual to instruments with other serial prefixes check for errata below, and make 
changes shown in tables. 
Make Manual Changes Instrument Serial Prefix Make Manual Changes 
Serial 21433 and below no? pee eS 
Below 024- Lae Serials 04252 and below | 1, 2, 3, 4, 5, 6 
NOTE 
-hp- Part No. and -hp- Stock No. are synonymous. 


Table of Replaceable Parts and Figure 4-8 
Change R27 and R29 to 270 ohms -hp- Part No. 0689-2715. 
Change R26 and R30 to 680 ohms -hp- Part No. 0689-6815. 


Instrument Serial Prefix 


CHANGE #1 
CHANGE #2 Table of Replaceable Parts and Figure 4-8 
Change R49 and R50 to -np- Part No. 2100-0035. 
(-hp- Part No. 2100-0870 may be used in all instruments. ) 
CHANGE #3 Figure 4-1, Test Probe Assembly. 
Change figure to the following: 


L 
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Instrument Serial Prefix 


024-44032 and below 


Below 024- 


009-91499 and below 
1a; 304 


Serials 21434-25833 


Designator 


Change #4 


Change #5 


Change #6 


TA 
8A 
10 
12 
13 
14 
16 


Appendix C 


Make Manual Changes Instrument Serial Prefix Make Manual Changes 


Serial 21453 and below | 1, 2, 8, 4, 5 
Serial 04252 and below | 1, 2, 3, 4, 5: 6 


Section V, Table of Replaceable Parts 
Change the -hp- Part No. for the following parts accor ing to reference designators. 
The parts not listed remain the same as the current probe. 


Description -hp- Part No. 
Spring tip for 2-01C diode 410B-21N 
Diode, AC Probe, including spring tipe 1920-0008 
Cap 42A-25G-1 
Rubber washer 5/16 1.D. x 5/16 L. 0890-0011 
Flat washer, brass 5/161.D. x 7/16 0.D. 3050-0022 
Clamp nut 9020-0621 
Coaxial Cable for AC Probe 8120-0006 


Delete R53 located in parallel with R19B. 
(R53 may be added to make adjustment of R19B less sensitive) 


Add: R24 -hp- Part No. 0690-1061 connected in series with R23 -hp- Part No.0689-2755 
(R24, 10 megohms, +R23, 2.7 megohms, repleaces R23, 13 megohms). 
Add: R53 Resistor fixed 2200 ohms -hp- Part No. 0690-2211, shunting R19B. 
Change: C10 to 1 uf 600 v -np- Part No. 0160-0079 
Change: R32, R35, R39 and R40 to Resistor, var, ww, 500 ohms -hp-Part No. 2100-0054. 
Change: R31 to Resistor, var, 1000 ohms, -hp- Part No. 2100-0004. 
Add: C11, C12 Cap. fxd, paper, .01 uf -hp- Part No. 0160-0023. 
C13 Cap. fxd, 50uf -hp- Part No. 0180-0029. (See partial schematic below for 
location). 


SIH 


P/O TI 


Cl3 


C7 
4700PF 


410B-RO 


Change: C7 to Cap. fxd. 4700 pf 500v -hp- Part No. 0140-0017. 
C8 to Cap. fxd. 470 pf 500v -hp- Part No. 0140-0027. 


Change: R21 and R22 from 500 K to 470 K, -hp- Part No. 0686-4745. 
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Model 10B 


Figure l-l. 


SECTION | 
GENERAL DESCRIPTION 


1-1. INTRODUCTORY 


This instruction book contains the operating and maintenance in- 
structions for the -hp- Model )10B High Frequency Voltmeter. A 
Table of Replaceable Parts in Section V contains information 
necessary for ordering parts from the Hewlett-Packard Company or 
another reliable supplier. 


1-2. PURPOSE OF THE EQUIPMENT 


The -hp- Model 410B is a laboratory quality volt-ohmmeter 

that has been especially designed for making accurate voltage 
measurements in the frequency range from 20 cycles per second to 
over 700 megacycles per second, with useful indications at fre- 
quencies as high as 1500 megacycles- In addition to measuring 
ac voltage, the )10B also measures de voltages from 1 volt to 
1000 volts and resistances from 1 ohm to 500 megohms. 


The high accuracy obtained with all voltage measurements makes 
the -hp- Model 10B useful for a wide variety of laboratory. 

and field applications, especially in high frequency work. Con- 
struction of the ac probe is such as to enable the operator to 
minimize lead length and input capacity, factors which usually 
restrict the high frequency range in instruments of this type. 
The wide range of ac and dc voltage and resistance measurements 
combined with convenience of operation make the }10B very use- 
ful for all types of circuit testing and trouble shooting as well 
as development work. 


1-3. EQUIPMENT SUPPLIED 


The -hp- Model }10B is a completely self-contained test instru- 
ment which requires no additional equipment for operation. The 
unit consists of the multimeter, three test probes, a common 
grounding lead, and special grounding lead for use with the ac 
probe, shown assembled in Fig. 1l-l. 


1-4. GENERAL ELECTRICAL CHARACTERISTICS 


The -hp- Model 110B measures ac voltages from 1 volt full-scale 
to 300 volts full-scale in the frequency range from 20 cycles to 
60 megacycles and measures reduced voltages to 700 megacycles. 
The basic accuracy is +3% for measurement of sine waves up to 60 
megacycles per second, while the frequency response is +1 db over 
the entire frequency range from 20 cycles to 700 megacycles per 
second. The }10B continues to be useful up to the probe reso- 
nant frequency of approximately 1500 megacycles, and indications 
can be obtained up to 3000 megacycles. 


til 


RESPONSE 
db 
oO 


jo cps lOO cps .Imc 1.0 mc 1Oomc lOO mc 1000 mc 
FREQUENCY 


Fig, 1-2. Ratio of Indicated to Actual Voltage 
as a Function of Frequency 


A performance curve for the probe, showing the ratio of indicated 
to actual voltage as a function of frequency, is plotted in Fig. 
1-2. At low and medium frequencies the response is flat. At 
high frequencies, however, the response is affected by two fac- 
tors: transit time of the probe diode, which is dependent upon 
the magnitude of the applied voltage; and the resonant frequency 
of the probe, which is independent of the applied voltage. The 
effect of transit time is indicated by the dip in the l-volt 
curve in the vicinity of 500 mc. The rise of the 3-volt and 10- 
volt curves is due to the effects of resonance in the probe, which 
overshadow the effects of transit time. 


The input resistance and shunt capacitive reactance components in 
the circuit within the ac probe are shown in the graph in Fig. 
1-3. At low frequencies the input resistance exceeds 10 megohms, 
decreasing at higher frequencies because of dielectric and tube 
losses. The shunt capacity component of input impedance is ap- 
proximately 1.5 micromicrofarads. 


De voltages from 1 volt full-scale to 1000 volts full-scale in 
seven ranges can be measured with an accuracy of +3% full-scale, 
with the unusually high input resistance of 122 megohms on all 
ranges. The shielded de test cable minimizes pickup from stray 
fields. Resistance measurements can be made over the range from 
SOO ohms full-scale to 500 megohms full-scale in seven ranges, 
with sufficient overlap between ranges to assure a high percent- 
age of upscale readings. 


The -hp- Model 4.10B as shipped from the factory is connected for 
operation from a nominal 115-volt, single-phase ac power source. 
The power transformer primary windings may be reconnected as 
shown in the schematic diagram for 230-volt operation if desired. 
Power consumption is approximately 0 watts. 


Complete specifications for the )10B are summarized in the 
Table of Specifications. at the end of this section. 
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Fig. 1-3. Input Resistance and Reactance of 
Model 10B 
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1-5. DESCRIPTION 


The -hp- Model 10B is a compact, portable electronic volt- 
ohmmeter which stands 11-1/2 inches high by 7-1/l inches wide by 
8 inches deep and weighs 12-1/h pounds complete with test cables. 
The instrument and case are constructed of aluminum throughout 
and finished with a durable gray wrinkle lacquer. A leather car- 
rying handle is provided on top of the instrument case, and four 
large rubber feet are attached to the bottom of the case for pro- 
tection of table surfaces. 


For maximum portability a compartment is provided in the rear of 
the multimeter cabinet for storing the test leads when not in use. 
The multimeter employs a separate test probe for each type of 
measurement, DC, AC and OHMS. A single clip lead provides the 
negative or ground terminal for all three test probes. For high 
frequency measurements, where grounding is critical, a short, 
heavy ground clip lead is provided on the shell of the ac probe, 
thereby eliminating lengthy and inefficient ground loops. The 
power cord which is not removable is located in the rear of the 
instrument. 


To permit ac voltage measurements to the highest frequency practi- 
cable, the ac probe is specially designed for minimum lead length 
and minimum input capacity. The diode tube used within the probe 
is a special tube designed to have a very high resonant frequency, 
thereby extending its useful measuring range. Further, the probe 
body has been designed so that the input blocking capacitor is 
removable by unscrewing the plastic nose of the probe. Then, by 
using an external blocking capacitor of the button type, the 
length of the circuit to the diode can be so reduced that the 
resonant frequency of the circuit is extended to the highest pos- 
sible value. Useful measurements may be made to frequencies as 
high as 1500 megacycles when the probe is used properly in con- 
junction with the measured circuits. 


All operating controls for the multimeter are located in plain 
view on the front panel. A function SELECTOR switch provides the 
type of operation desired — AC, DC or OHMS measurement — selects 
the appropriate probe, and also provides for reading either posi- 
tive or negative de voltages without reversal of the test leads. 

A seven-position RANGE selector switch selects and indicates the 
full-scale value of voltage or resistance and provides sufficient 
overlapping of resistance ranges for a high percentage of up-scale 
readings. No batteries are required for ohmmeter measurements, 
the internal voltages being supplied from the instrument power 
supply. The multimeter utilizes a l-inch wide meter marked with 
five scales. All ac and de voltage ranges, except the l-volt and 
3-volt ac ranges, are read on two black-lettered meter scales, 
calibrated 0 to 1 and 0 to 3. The 1-volt and 3-volt ac ranges 


are read from two separate ac 
scales calibrated in red let- 
ters. For ac measurements the 
meter indicates rms values of 
Sine waves. All resistance 
ranges are read on a single 
separate ohm scale calibrated 
from 0 to 500. 


Fig. l-. Meter Scale Calibra- 
tion in Model }10B 


The rear panel of the instrument case is removable without tools 
and, when removed, permits access to the instrument fuse, cable 
compartment, and important internal adjustments. The chassis and 
front panel of the multimeter are removable from the case by re- 
moving the two screws on the panel inside the rear of the instru- 
ment and drawing the front panel and chassis out of the case. 

The instrument is ventilated by louvers in the sides and back of 
the instrument case. 


SPECIFICATIONS FOR MODEL )10B 


Voltage Ranges 
Volts Full Scale 


1, 35 20, 30,/' 100, 300 volts alternating curren. 

1, 3, LO, 30, L00,-300, LOCOMVcL Ts mdireccecurrenu. 

Resistance Scale Calibration 
0 - 500 (co) 


Range 


Rxl .2 to 500 ohms 

Rx10 2 to 5000 ohms 

Rx100 20 to 50,000 ohms 
Rx1lK 200 to 500,000 ohms 
Rx10K 2000 to 5 megohms 
Rx100K 20,000 to 50 megohms 
Rx1lM 200,000 to 500 megohms 


Calibration Accuracy 


+3% of full-scale on all ranges with de voltages and 


sinusoidal ac voltages to 60 megacycles. 


Frequency Response 


The frequency response is flat within +1 db from 20 
cycles to 700 megacycles per second. The probe 
resonant frequency is about 1500 mc and an indi- 
cation can be obtained up to 3000 mc. 


Input Impedance 


Alternating Current — The input capacitance of the 
ac measurement probe is 1.5 mmf and the input re- 
sistance is 10 megohms at low frequencies. At 
high frequency the resistance decreases due to 
dielectric losses. 


Direct Current — The input resistance of the dc 
measurement probe is 122 megohms for all ranges. 


Power Supply Rating 


Voltage — 115/230 volts 
Frequency — 50/60 cycles/sec 
Wattage — hO watts 
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Fige 2-1. Model )10B, Controls and Terminals Labeled 
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SECTION Il 
OPERATING INSTRUCTIONS 


2-1. INSPECTION 


This instrument has been thoroughly tested and inspected before 
being shipped from the factory and is ready for use when received. 
When the instrument is unpacked, it should be carefully inspected 
for damage received in transit. In case of shipping damage, fol- 
low the procedure outlined in the "Claim for Damage in Shipment" 
page at the back of this manual. 


2-2. INSTALLATION 


The -hp- Model 10B is shipped from the factory with the test 
probe assembly disconnected and stored in the compartment inside 
the rear of the instrument case. To assemble the multimeter, 
remove probe and cable assembly from the compartment in the rear 
of the instrument case, connect probe assembly to the jack in the 
bottom of the instrument, and tighten the two round head retain- 
ing screws at either end of the plug. 


2-3. OPERATING CONTROLS AND TERMINALS 


A description of each of the front panel controls, the test probes, 
and the meter follows. 


SELECTOR This five-position switch turns the instrument on; 
provides for measurements of negative or positive d-c voltage, 
a-c voltage, or resistance; and connects the appropriate probe 
for the desired measurement. 


RANGE This switch selects the full-scale voltage or resistance 
range to be used. 


ZERO ADJ. The larger, fluted knob with the white dot is a basic 
zero adjustment that sets the meter pointer to zero when the 
SELECTOR switch is set at - and +. The smaller knob marked AC is 
used to set the meter pointer to zero following the basic zero 
adjustment and with the SELECTOR switch set to AC. 


OHMS ADJ.CO This knob adjusts the meter pointer to full scale 
(©e<>) when the SELECTOR switch is set to OHMS. 


OHMS, AC, DC, COMMON The designations at the bottom of the con- 
trol panel identify the various test leads, which are connected 
underneath the instrument. The connector can be removed by un- 
screwing the two captive round head screws in either end of the 
connector. Once installed, the three probes need not be removed, 
although only the one probe in use is connected through the 
SELECTOR switch to the internal circuits. Each probe has the 
specialized function described below. 


OHMS The red rubber-covered cable with the red plastic prod is 
used in measuring resistance. The prod is equipped with a small 
chuck to hold a steel phonograph needle. The instrument is 
shipped from the factory with the sharp point of the needle in- 
side the chuck and can be reversed if it is necessary to employ a 
sharp point for good connection. 


AC A cable that terminates in the shielded probe is used for 

ac voltage measurements. The probe tip contacts the point in a 
circuit where a voltage is to be measured and the clip lead on the 
probe connects to the ground side of the circuit. 


DC The black, shielded cable with the black plastic prod is 
used to measure de voltages. The prod is equipped with a small 
chuck to hold a steel phonograph needle. The instrument is 
shipped from the factory with the sharp point of the needle in- 
side the chuck and can be reversed if it is necessary to employ 
a sharp point for good connection. 


COMMON The black rubber-covered wire terminated in an alli- 
gator clip is the negative connection for all measurements except 
those made with the clip lead on the end of the AC probe. The 
common lead is connected directly to the chassis of the instrument. 


FUSE The fuseholder, located behind the cover in the rear 
compartment of the instrument, contains a 0.) amp slow-blow 
cartridge fuse replaceable by unscrewing the fuse-holder cap and 
inserting a new fuse. A 0.5 amp instantaneous-blow fuse should 
be used if the instrument is operated on 230 volts. 


Power Cable The power cable, leading out of the rear of the in- 
strument case, contains three conductors, two of which carry 
power to the instrument. The third wire, connected directly to 
the chassis, projects from the plug end of the cable and can be 
connected to an ac outlet mounting box when it is desired to hold 
the chassis of the multimeter at ground potential. 


2-4. OPERATING ADJUSTMENTS 


The -hp- Model }10B has three front panel operating adjustments: 
ZERO ADJ., AC ZERO ADJ., and OHMS ADJ.q@a>. ZERO ADJ: sets the 


meter pointer to zero when the selector switch is in the - and in 
the + positions and must be adjusted before the AC and the OHMS 
adjustments are made. AC ZERO ADJ. adjusts the meter pointer to 
zero when the selector switch is in the AC position to compensate 
for any small residual meter reading that appears as the ac probe 
is switched into operation. OHMS ADJ. c= sets the meter pointer 
to full-scale when the selector switch is turned to the OHMS posi- 
tion. 


2-5. STEP-BY-STEP OPERATING PROCEDURES 
Basic Zero Adjustment 


a) Connect the power cable to the power line. Set the 
SELECTOR switch to the - position and allow instrument 
to heat for five minutes for stable operation. 


b) Connect the DC and COMMON test leads together. 


c) Adjust the ZERO ADJ. (fluted knob) control so that the 
meter indicates zero with the SELECTOR switch set to a 
low-voltage range. 


ad) Set the SELECTOR switch to + and note the meter reading. 
If the needle point has shifted, set ZERO ADJ. so that 


the needle returns to the same position for both - and 
+ positions of the SELECTOR switch. 


AC Zero Adjustment 
a) Make the Basic Zero Adjustment described above. 


b) Set the SELECTOR switch to AC and set the RANGE switch 
to the 1V position. 


c) Connect the AC probe clip lead to the probe tip. 
d) Adjust the AC knob to bring the meter pointer to 0. 
OHMS Full-Scale and Zero Adjustments 
a) Make the Basic Zero Adjustment described above. 
b) Set the SELECTOR switch to OHMS. 
c) Adjust the OHMS ADJ.c— control so that the meter 
pointer indicates ca®on the ohms scale. The OHMS and 


COMMON test leads must not be connected together when 
making this adjustment. 


d) 


To use the ohmmeter without making the basic zero or 
AC adjustments, connect the OHMS and COMMON test leads 
together, set the RANGE switch to RX1K or higher range, 
and adjust the ZERO ADJ. (fluted knob) until the meter 
pointer indicates zero on the ohms scale. 


The multimeter is now ready for operation. Before attempting to 
make an actual measurement, study the operating procedures de- 
scribed in the paragraphs below. 


CAUTION 


The voltmeter COMMON and the AC probe ground clip lead 
are connected directly to the chassis of the Multimeter. 
When making voltage measurements — ac or dc, positive 
or negative — always connect the voltmeter COMMON or 
the AC probe ground clip lead to the chassis, or ground, 
of the equipment under test. Connecting the COMMON test 
lead to a point of ac or de potential places the Multi- 
meter cabinet at that potential and thereby presents a 
hazard to operating personnel. To hold the instrument 
cabinet at ground potential, it is recommended that the 
green pigtail termination on the Multimeter power cord 
be grounded to the ac outlet mounting box. 


Procedure for Measuring DC Voltages 


a) 


b) 


c) 


d) 


Make the basic zero adjustment described earlier in 
this paragraph. 


Set the SELECTOR switch to either the + or - position, 
depending upon the polarity of the voltage to be mea- 
sured. 


Set the RANGE switch to the range that includes the 
voltage to be measured. 


Connect the COMMON test lead to the ground side of the 
circuit to be measured and touch the DC volts prod to 
the point in the circuit being measured. 


Read the measured voltage from the meter, multiplying 
the indicated value by the appropriate factor. Dc volt- 
ages are read from the two top meter scales, O - 1 and 
O*= 3, printed in black, 


meter pointer to zero when the selector switch is in the - and in 
the + positions and must be adjusted before the AC and the OHMS 
adjustments are made. AC ZERO ADJ. adjusts the meter pointer to 
zero when the selector switch is in the AC position to compensate 
for any small residual meter reading that appears as the ac probe 
is switched into operation. OHMS ADJ. a= sets the meter pointer 
to full-scale when the selector switch is turned to the OHMS posi- 
tion. 


2-5. STEP-BY-STEP OPERATING PROCEDURES 


Basic Zero Adjustment 


a) Connect the power cable to the power line. Set the 
SELECTOR switch to the - position and allow instrument 
to heat for five minutes for stable operation. 


b) Connect the DC and COMMON test leads together. 


c) Adjust the ZERO ADJ. (fluted knob) control so that the 
meter indicates zero with the SELECTOR switch set to a 
low-voltage range. 


d) Set the SELECTOR switch to + and note the meter reading. 
If the needle point has shifted, set ZERO ADJ. so that 


the needle returns to the same position for both - and 
+ positions of the SELECTOR switch. 


AC Zero Adjustment 
a) Make the Basic Zero Adjustment described above. 


b) Set the SELECTOR switch to AC and set the RANGE switch 
to the 1V position. 


c) Connect the AC probe clip lead to the probe tip. 
d) Adjust the AC knob to bring the meter pointer to 0. 
OHMS Full-Scale and Zero Adjustments 
a) Make the Basic Zero Adjustment described above. 
b) Set the SELECTOR switch to OHMS. 
c) Adjust the OHMS ADJ.c—= control so that the meter 
pointer indicates cmon the ohms scale. The OHMS and 


COMMON test leads must not be connected together when 
making this adjustment. 


d) 


The multimeter is now ready for operation. 


make 


To use the ohmmeter without making the basic zero or 
AC adjustments, connect the OHMS and COMMON test leads 
together, set the RANGE switch to RX1K or higher range, 
and adjust the ZERO ADJ. (fluted knob) until the meter 
pointer indicates zero on the ohms scale. 


an actual measurement, study the operating procedures de- 


scribed in the paragraphs below. 


CAUTION 


The voltmeter COMMON and the AC probe ground clip lead 
are connected directly to the chassis of the Multimeter. 


When making voltage measurements — ac or dc, positive 


or negative — always connect the voltmeter COMMON or 
the AC probe ground clip lead to the chassis, or ground, 
of the equipment under test. Connecting the COMMON test 
lead to a point of ac or de potential places the Multi- 


meter cabinet at that potential and thereby presents a 


hazard to operating personnel. To hold the instrument 
cabinet at ground potential, it is recommended that the 
green pigtail termination on the Multimeter power cord 
be grounded to the ac outlet mounting box. 


Procedure for Measuring DC Voltages 


a) 


b) 


S)) 


d) 


Make the basic zero adjustment described earlier in 
this paragraph. 


Set the SELECTOR switch to either the + or - position, 
depending upon the polarity of the voltage to be mea- 
sured. 


Set the RANGE switch to the range that includes the 
voltage to be measured. 


Connect the COMMON test lead to the ground side of the 
circuit to be measured and touch the DC volts prod to 
the point in the circuit being measured. 


Read the measured voltage from the meter, multiplying 
the indicated value by the appropriate factor. De volt- 
ages are read from the two top meter scales, 0 - 1 and 

O - 3, printed in black. 


Before attempting to 


CAUTION 


Before measuring voltages above fifty megacycles, consult 
the 410B probe voltage rating graph "Maximum Applied 
Voltage vs. Frequency" (Fig. 2-2). To obtain accurate 
and dependable ac voltage measurements, certain precau- 


tions must be observed that are not readily apparent. 
These precautions are described in paragraph 2-6. 
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Fig. 2-2. Maximum Voltage That Can Safely Be Applied to AC 
Probe for Frequencies Above 50 Megacycles 


Procedure for Measuring AC Voltages 


Make the AC zero adjustment described above. 


Set the RANGE switch to the range that includes the 
voltage to be measuréd. 


Connect the ground clip lead on the ac probe to 

ground of the circuit being measured and touch the ac 
probe tip to the other side of the circuit being mea- 
sured. (For audio frequencies the ground lead from the 
voltmeter chassis may be used for negative connection 
instead of the ground lead on the ac probe, if desired.) 


The measured voltage is then read from the meter. The 
full-scale value of the meter is indicated by the set- 
ting of the RANGE switch. 


NOTH 


The 0 - 1V and O - 3V meter scales printed in red are 
for use only with the 1V and 3V ac positions of the 
RANGE switch. The remainder of the alternating voltage 
ranges are read from the two top meter scales (0 - l 
and O - 3) printed in black. 


Procedure for Measuring Resistances 


CAUTION 


Turn off equipment that is to be tested before making 
resistance measurements. Be sure that no residual volt- 


ages remain in the circuit being measured. 


Make the OHMS adjustment described earlier in this 
paragraph. 


Set the SELECTOR switch to the OHMS position. 


Connect the COMMON and OHMS test leads to the resistance 
to be measured. 


Set the RANGE switch to the position that gives the 
largest up-scale meter indication. 


Read resistance value from bottom scale on meter. The 
resistance is equal to the scale indication times the 
multiplying factor shown by the position of RANGE 
selector. 


2-6 


2-6. AC MEASUREMENT PRECAUTIONS 
Special considerations must be kept in mind when making high- 


frequency ac voltage measurements. These considerations are dis- 
cussed in the following paragraphs. 


General Consideration of Complex Waveforms 


Waveforms containing appreciable harmonics or spurious voltages 
will introduce errors in the meter indication since the meter has 
been calibrated to read rms values of true sine waves while the 
ac probe is a peak-reading device. The magnitude of error that 
may be expected when harmonics are present on the measured wave- 
form is indicated in the table below. 


Possible Error When Measuring 
Voltage of Complex Waveforms 


Harmonic RMS Value Indication 
a 
2 


75 to 150 


@) 
10% 3rd 100.5 90 to 110 


Voltage Measurements at Frequencies Below 50 Cycles/Second 


Voltage measurements at frequencies as low as 10 cycles per second 
may be made to the unit's basic accuracy by removing the plastic 
nose on the ac probe and using in its place a blocking capacitor 

of 0.25 microfarad in series with the exposed contact of the probe. 


a 


CAUTION 


The gray insulating material of the probe of the 
410B is polystyrene, a low melting-point material. 
It is not possible to solder to the contact which is 


exposed when the probe nose is removed without destroy- 
ing the polystyrene. 


Voltage Measurements at High Frequencies 


At frequencies above 100 megacycles the distance between the 
point of voltage measurement and the anode contact of the ac 
probe must be made as short as possible. If feasible, substitute 
a small button-type capacitor of approximately 50 micromicrofar- 
ads for the removable tip on the ac probe. Solder one terminal 
of the button capacitor to the measurement point in the circuit 
and not to the probe contact. The probe contact (with tip re- 
moved) can then contact the other terminal of the capacitor for 
the measurement. 


At frequencies above 100 megacycles considerable voltage may be 
built up across ground leads and along various parts of a ground- 
ing plane. Consequently, to avoid erroneous readings when measur- 
ing medium and high frequency circuits, use the ground clip lead 
on the shell of the probe. In some cases at the higher frequen- 
cies it may be necessary to shorten still further the grounding 
lead on the shell of the probe. 


For all measurements at the higher frequencies hold the molded 
nose of the probe as far from the external ground plane or from 
objects at ground potential as can conveniently be done. Under ~ 
typical conditions, this practice will keep the input capacitance 
several tenths of a micromicrofarad lower than will be obtained 
otherwise. 


For ac measurements above approximately 250 megacycles it is 
nearly mandatory that measurements be made on voltages which are 
confined to coaxial transmission line circuits. For applications 
of this type, the -hp- Model 410B is particularly suitable because 
the physical configuration of the diode and probe is that of a 
concentric line, and with a few precautions it can be connected to 
typical coaxial transmission line circuits with little difficulty. 


To connect the -hp- Model L10B into an existing coaxial transmis- 
Sion line, cut the line away so the center conductor of the line 
is exposed through a hole large enough to clear the body of the 
ME-26A/U ac probe. The nose of the probe should be removed for 
this type of measurement. Connect one terminal of a button-type 
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capacitor of approximately 50 micromicrofarads to the center con- 
ductor of the coaxial line so that the other terminal of the 
capacitor will contact the anode connection of the probe. A 
close-fitting metal shield or bushing should be arranged to ground 
the outer cylinder of the probe to the outer conductor of the 
transmission line. This type of connection is likely to cause 
some increase in the standing wave ratio of the line at higher 
frequencies. It is desirable, where the frequency is high and 
where good accuracy is required, to make some impedance matching 
modifications on the transmission line to minimize reflected 
power from the point of measurement. 


Effect of Parasitics on Voltage Readings 


At frequencies above 500 megacycles, leads or portions of circuits 
often resonate at frequencies two, three or four times the funda- 
mental of the voltage being measured. These harmonics may cause 
serious errors in the meter reading. Owing to the resonant rise 
in the probe circuit at frequencies above 1000 megacycles, the 
meter may be more sensitive to the harmonics than to the fundamen- 
tal. To make dependable measurements at these frequencies, the 
circuits being measured must be free of all parasitics. 


2-7. PULSE MEASUREMENTS 


The }10B is a peak-reading rms indicating type voltmeter and is 
designed to measure the positive peak value of the applied volt- 
age. This property allows the -hp- Model ),10B to be used to 
measure the positive voltage amplitude of a pulse, provided the 
reading obtained is multiplied by the following factor: 


t K 
ThoQ Cor ac i antl Rito ie 
h.( 55 oF ) 


Where: tj is the duration of the positive portion of the volt- 
age, in microseconds, 


to is the duration of the negative portion of the volt- 
age, 


Kis a Lactor which is a function of the source imped- 
ance of the pulse generator and of tj, and is found in 
the graph of Fig. 2-3, 


PRF is the pulse repetition frequency in pulses per 
second. 


In general this equation is applicable where the pulse repetition 
frequency is greater than 500 pulses per second and the positive 
pulse duration is at least 10 microseconds. For most cases when 
using high pulse repetition rates, the above factor will reduce to 


cee 


K can be found by use of the curves in Fig. 2-3 when the impedance 
of the pulse generator Ro in kilohms and the duration of the posi- 
tive portion of the pulse t) in microseconds are known. As an 
example, 


Suppose: tj] = 10 microseconds, 


Ro = 2 kilohms and the pulse repetition frequency is 
1000 pulses per second, 


then Ro/t, = 0.2, K = 0.55, and the multiplying factor 
would then be 


Tait LO On oye 
990 1000 


For the case of a 10 microsecond negative pulse and a pulse repe- 
tition frequency of 1000 pulses per second, tj would be 990 micro- 
seconds and to would equal 10 microseconds. Thus, Ro/t1 would be 
approximately 0, and therefore (from Fig. 2-3) K would also be 
approximately 0. The multiplying factor would then be 


1.4(1 + 990/10). 


Hence, it may be seen that in the case of negative pulses of short 
duration much smaller readings will be obtained than for an equi- 
valent positive pulse. As a result, large multiplying factors 
must be used and unless the pulse voltage is large, these measure- 
ments may be impractical. 


2-8. ACCESSORIES AVAILABLE BUT NOT SUPPLIED 


Several accessories may be used to extend the ac and de voltage 
range of the 410B and to facilitate voltage measurements in 
coaxial lines. These accessories are available from the Hewlett- 
Packard Company. A description of these accessories and their 
specifications is contained in the paragraphs below; the accesso- 
ries are shown in Fig. 2-l, a-e. 
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Fig. 2-3. Graph Used in Calculation of Pulse Voltages 


Model 453A Capacitive Voltage Divider 


The Model 53A Capacitive Divider shown in Fig. 2-la extends the 
ac voltage range of the ME-26A/U Multimeter to 2000 volts rms. 
The divider is for use at frequencies above 10 kilocycles. Volt- 
age division is 100:1, +1%, and the input capacity is approxi- 
mately 2 micromicrofarads. 


Model 452A Capacitive Voltage Divider 


The Model 452A Capacitive Divider shown in Fig. 2-lhb extends the 

ac voltage range of the ME-26A/U Multimeter to as much as 25 kilo- 
volts. This divider permits measurement of extremely high ac volt- 
ages such as are encountered in dielectric heating equipment and 
similar applications. The frequency range of the divider is from 
25 cps to 20 mc, although as frequency increases, the divider is 
de-rated to limit the r-f current flowing through its capacitors. 

A fixed gap is provided so that breakdown will occur if the applied 
voltage exceeds about 28 kv at low frequencies. Voltage division 
Ler LOOO se +3%, and the input capacity is 15 micromicrofarads. 


Model 458A Probe Coaxial "N" Connector 


The Model 458A coaxial connector shown in Fig. 2-le allows the ac 
probe of the ME-26A/U Multimeter to be connected to a 50-ohm co- 
axial line at a junction where type N connectors are used. The 
"T" connector contains male and female type N connectors for the 
input and output jacks anda receptacle for receiving the ac probe 
of the ME-26A/U Multimeter. The "T" can also be used at the end 
of a line; however, no terminating resistor is included. 


Model 455A Coaxial "IT" Connector 


For measurements at the higher frequencies the special T-joint 
shown in Fig. 2-lid has been designed for connecting the ME-26A/U 
Multimeter across a 50-ohm transmission line using type N connec- 
tors. The T-joint has been designed so that the connection of the 
multimeter into a transmission line circuit will not cause a stand- 
ing wave ratio greater than 1.1 at 500 megacycles and 1.2 at 1000 
megacycles. With the aid of this device, measurement of power 
traveling through a transmission line may be made with reasonable 
accuracy to 1000 mc. The usual precautions must be taken to pro- 
vide accurate impedance matching and the elimination of standing 
waves along the line through which power is flowing. By using a 
dummy load at the receiving end of this T-joint, power output of 
various devices can be measured. In many applications, power going 
into a real load, such as an antenna, can be conveniently measured 
up to frequencies as high as 1000 megacycles with good accuracy. 


-a) Model .53A Capacitive 
Voltage Divider 


x 


b) Model 452A Capacitive Voltage Divider 


tmtt e) Model 59A DC Resistive 
dad) Model 455A Coaxial "T" Connector TeliseonMnete ls es 


c) Model 458A Probe 


Peesieltn® Connector! 2 eure 2-4. Accessories for -hp- Model )10B 
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Model 159A DC Resistive Voltage Multiplier 


The Model )59A de voltage multiplier shown in Fig. 2-l4e extends 
the de voltage range of the -hp- Model 410B to a maximum of 

30 kilovolts. Multiplication) ratio 1s7100<1) +57, “encevugeg tis 
impedance is 12,000 megohms. This probe offers maximum safety 
and convenience for measuring high voltages such as in television 
equipment, etc. The maximum current drain is 2.5 microamperes. 


2-9. RESISTANCE MEASUREMENT ABOVE 500 MEGOHMS 


Because of its very high input resistance the Model 10B, sup- 
plemented by an external voltage, can be used to measure extremely 
high resistances. Any convenient d-c voltage up to 1000 volts may 
be used, the higher voltages permitting measurement of higher re- 
sistances. A l5-volt "B" battery extends the resistance measure- 
ment range to approximately 250,000 megohms. Resistances as high 
as several million megohms are easily and accurately made when the 
leakage between the test leads is held to a minimum by careful 
placement. The highest resistance that can be measured is limited 
by the total leakage between the DC test probe and the COMMON test 
probes on the voltmeter. 


The measurement of extremely high resistance is accomplished by 
applying a known d-c voltage to the unknown resistance in series 
with the 10B as shown in the illustration on the following page. 
The external voltage is first measured with the 10B and record- 
ed.» The positive side of the external voltage source is then 
connected through unknown resistance to the d-c measurement probe, 
the negative side of the voltage is connected to the COMMON lead 
from the )10B. The voltmeter range switch is then adjusted to 
obtain an upscale voltage reading The meter indicates the volt- 
age across the 122 megohm input resistance, which when multiplied 
by the ratio of the applied voltage to the measured voltage, minus 
one, gives the resistance of the unknown. The equation for deter- 
mining an unknown resistance for any supply voltage and meter read- 
ing is given in the following equation. When the ratio of E applied 
to E measurea is greater than 100:1, the minus one may be dropped 
with no practical loss in accuracy. 


Em 
Epp = Externally applied battery or power supply voltage 
En = Voltage read on d-c volts scale of voltmeter 
Rm = Input resistance of voltmeter 
(410A = 100 megohms) 
(410B = 122 megohms) 
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SECTION Ill 
THEORY OF OPERATION 


3-1. GENERAL 


The -hp- Model )10B is designed to measure the amplitude of a-c and 
d-c voltages and the values of resistances. To accomplish these mea- 
surements, the equipment's circuit is arranged as indicated by the 
block diagram of Fig. 3-1. When measuring d-c voltages, the voltage 
to be measured is applied through a precision voltage divider to the 
input of a differential d-c amplifier. The output of the amplifier 
feeds a balanced bridge which has an indicating meter connected be- 
tween the mid-points. The magnitude of deflection of the meter is 
thus proportional to the amplitude of the d-c voltage applied to the 
input of the differential amplifier. 


When measuring a-c voltages, the voltage to be measured is converted 
to a d=c voltage in a special wide-band rectifier circuit. The out- 
put of the rectifier is then applied to the d-c voltage-measuring 
circuit described above. A deflection of the indicating meter then 
occurs in proportion to the amplitude of the a-c voltage being mea- 
sured. 


For measuring resistances, a small d-c voltage from the voltmeter 
power supply is applied to a circuit consisting of the unknown re- 
sistance connected in series with a known resistance. The propor- 
tion of the internal voltage that appears across the unknown resis- 
tance is thus related to the value of the unknown resistance. The 
voltage across the unknown resistance is then applied to the input 
of the differential amplifier as before with the result that the 
magnitude of meter deflection is related to the value of the resis- 
tance being measured. 


3-2. R-F RECTIFIER 


the circuit used for rectifying a-c signal voltages is shown in Fig. 
3-2. The circuit is a half-wave shunt-detector type circuit which 
operates to charge the small input coupling capacitor Gl to the peak 
value of the positive half of the a-c voltage being measured. To 
smooth the rectified a-c voltage for application to the differential 
amplifier, a large resistor (22 megohms) and capacitors C2 and C3 

are connected across the output of the rectifier. The voltage across 
the capacitors rises to the peak value of the rectified wave and is 
applied through the precision voltage divider to the d-c amplifier. 


Since the voltmeter is designed to be capable of measuring high fre- 
quencies, the rectifier circuit is built in the form of a probe so 
that it can be physically placed close to the point of measurement. 
The probe connects to the voltmeter proper through a flexible cable. 
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Fige 3-1. Block Diagram of -hp- Model )10B 
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Fig. 3-2. Schematic Diagram of AC Probe 


Seq 


This arrangement permits short lead lengths for the actual a-c por- 
tion of the measuring circuit so that residual inductances will be 
minimized. 


Fig. 3-3. Cutaway View of High-Frequency Probe 


A cutaway view of the a-c probe showing the input blocking capacitor, 
rectifier diode, and RC filter is shown in Fig. 3-3. The input capa- 
citor is molded in a removable probe tip for applications where even 
the small lead length of the tip should be minimized. The diode is 
specially designed to have plane rather than circular geometry. This 
type of construction has been used in order to reduce the physical 
length of the diode and to achieve a diode having extremely low anode- 
cathode capacity. The construction is such that the probe has an in- 
put capacity of only about 1.5 mmf, about 1.3 of which is the anode- 
cathode capacity of the diode. To achieve short transit time for the 
diode, the anode-cathode spacing has been maintained at only .003 
inch. Reliable r-f grounding of the diode cathode is obtained by use 
of a large area contact ring in the special socket for the diode. 
Fig. 3-l. shows a line drawing of the probe diode. 


The capacity in the RC filter is divided into two parts. A small 500 
mmf capacitor, C2, is built into the probe near the base of the diode. 
At high frequencies this capacitor in combination with the 22-megohm 
filter resistor gives sufficient filtering so that the inductance of 
the flexible cable is of no consequence. For lower frequency filter- 
ing, C3, a 3300 mmf capacitor, is connected at the end of the cable 
inside the miltimeter housing. 


Fig. 3-1. Actual Size Drawing of High-Frequency Diode 


The probe is constructed from molded polystyrene to offer a low di- 

electric loss which, together with the low input capacity, makes the 
probe a high impedance device. The input impedance of the probe as 

a function of frequency is given in Fig. 1-3. 


The flexible cable connecting the probe to the voltmeter is a double- 
shielded single conductor cable. The outside shield carries a-c 
power for the diode heater; the inner lead carries the d-c voltage 
from the RC filter to the voltmeter. Ground return is made through 
the inner shield. 


3-3. RANGE EXTENDING RESISTORS 


To extend the voltage range over which both a-c and d-c measurements 
can be made, a precision voltage divider is connected to the input 

of the d-c amplifier. The taps on the divider are arranged so that 
the input to the amplifier does not exceed approximately .85 volt for 
a full-scale reading on d-c voltage measurements. On a-c measurements 
approximately 1.17 volt is applied to the amplifier for a full-scale 
reading. This increased voltage on a-c measurements is compensated 
by resistors in series with the indicating meter, as described later. 


The precision voltage divider is made up of high-stability deposited 
carbon type resistors mounted on a seven-position rotary switch which 
serves as the range switch for the instrument. 


3-4. DC AMPLIFIER 


The taps on the precision voltage divider connect through the range 
switch to one input of the differential voltage amplifier. The amp- 
lifier consists of the two halves of a 12AU7 twin triode. The prin- 
ciple purpose of this amplifier is to serve as an impedance trans- 


former between the 100-megohm impedance level in the range switch 
and the meter circuits. To achieve a high input impedance for the 
amplifier, it is operated without a grid resistor other than the 
100-megohm voltage divider and at a low plate current in the order 
of a couple of microamperes. Gas current effects in the high grid 
impedance are minimized by operating the amplifier tubes at a re- 
duced heater voltage and a low plate voltage (approximately 20 
volts). Very large cathode resistances are used to enhance the 
stability of the amplifier. 


For a-c measurements the second or "balance" input to the differen- 
tial amplifier is connected to a source of small d-c voltage in the 
power supply circuit. This arrangement is designed to compensate 
the voltmeter for "emission voltages" that occur in the probe diode. 
Because of the high thermal level of the probe diode cathode, elec- 
trons are emitted by the cathode even though no signal voltage is 
applied to the diode anode. Some of these electrons travel to the 
anode and raise its potential by a few volts, enough to mask small 
Signal voltages applied to the diode. 


To compensate for this effect, the d=-c voltage applied to the sec- 
ond input of the d-c amplifier is adjusted to be equal to the emis- 
sion voltage of the diode. A voltage divider in the balance channel 
divides the compensating voltage in the same proportion as the input 
range switch divides the emission voltage so that the amplifier will 
always be compensated when the a-c probe is connected. The AC zero 
set control on the front panel adjusts the compensating voltage to 
exactly balance the voltage produced by the diode thereby bringing 
the meter to zero. 


For d-c measurements the second input to the differential amplifier 
is grounded and serves only to supply a d-c level to balance the 
bridge e 


3-5. METER CIRCUIT 


The double-ended output of the differential amplifier is applied to 

a bridge circuit across which is connected the indicating meter, as 
illustrated by the diagram in Fig. 3-5. Two arms of the bridge are 
triode tubes whose grids are connected to the two sides of the dif- 
ferential amplifier. With no voltage being measured, the two triodes 
have equal grid potentials and the bridge is in a balanced state. 

The front panel ZERO SET control R19a, a potentiometer located be- 
tween the two legs of the bridge and the d-c supply voltage, estab- 
lishes the exact electrical balance of the bridge for all types of 
operation. Potentiometer R32 is connected in series with the meter 
to adjust the sensitivity of the meter circuit to the precise required 
value. 


To permit measurement of either positive or negative d-c voltages 
without reversal of the test leads the SELECTOR switch reverses 
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Fig. 3-5. Basic DC Amplifier Circuit 
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the meter within the bridge so that an up-scale reading is obtained 
with either polarity. 


For a-c measurements the range switch of the voltmeter connects in 
series with the meter additional current-reducing resistors (R35 
through RO) to reduce the meter current by approximately 30% so 
that the same meter scales can be used for the a-c and d-c ranges. 
For the one and three volt a-c ranges, however, it is necessary to 
use special meter scales because the probe diode operation at low 
voltages is non-linear. 


For resistance measurements the SELECTOR switch connects the meter 
in series with the front panel OHMS ADJ. <= control which adjusts 
the sensitivity of the meter to obtain a precise full-scale indica- 
tion before making a measurement. 


3-6. RESISTANCE MEASUREMENT 


When the multimeter is to be used to measure resistance, the range 
switch connects an additional set of precision resistors to the input 
of the d-c amplifier as shown in the block diagram in Fig. 3-l. A 
small, stable voltage of about 1.2 volts is taken from the regulated 
power supply and applied through a precision resistance to the input 
of the d-c amplifier thereby causing full-scale deflection of the 
meter. The resistance to be measured is then connected between the 
input of the d-c amplifier and ground. This resistance thus completes 
a voltage divider and reduces the voltage applied to the amplifier, 
bringing the meter reading down-scale. The range switch of the mlti- 
meter connects appropriate values of precision resistors into the 
ohmmeter circuit to extend the resistance-measuring range. 


3-7. POWER SUPPLY 


The power supply circuit includes a full-wave rectifier with an RO 
filter at the output of the filter. An OB2 105-volt regulator tube 
provides regulated d-c voltage for operation of the differential d-c 
amplifier, ohmmeter circuits, and diode compensating circuits. D-c 
power for operating the bridge is obtained directly from the recti- 
fied output of the power supply. A regulated heater voltage of 5 
volts a-c is also provided for the probe diode, regulation being ob- 
tained through the use of the series current-limiting resistor V6. 
Potentiometer R50 shunting the diode heater is used to adjust the 
voltage across the heater to 5 volts. A small resistor is connected 
in series with the heater of V2 to operate this heater on approxi- 
mately -1/2 volts. The heater winding also supplies a voltage 
which is rectified by a metallic rectifier for the RXl resistance 
OHMS range only. This voltage is adjusted to approximately 1.2 volt 
by R49 to obtain full-scale deflection on the RX1 range consistent 
with that on the RX10 range. 


Sheele 


The power transformer for the multimeter is equipped with two primary 
windings so that the instrument may be connected for operation on 
either 115 or 230 volt power. The windings are connected in parallel 
for use with 115 volts, and in series for 230 volts. For proper 
phasing of the windings the terminals on the transformer are numbered 
and wired as shown on the schematic diagram for the multimeter. 


SECTION IV 
MAINTENANCE 


4-1. INTRODUCTORY 


No routine maintenance procedures are required for the -hp- Model )|10B. 
When replacing any of the tubes in the equipment, however, it is de- 
sirable to check the accuracy of the multimeter. To do this it is 
necessary to have a precision d-c voltmeter and a precision a-c volt- 
meter, preferably of the dynamometer type. The accuracy of these in- 
struments should be within 1-2%, because the basic accuracy of the 
10B is within 3%. The procedures to follow in checking and ad- 

justing the calibration of the instrument are described in paragraphs 


4-h and 4-5. 


If a tube failure occurs after an extended period of use such as 1000 
hours of operating time, it is desirable to replace all tubes at that 
time, to avoid need for more frequent recalibration than necessary. 


A trouble-shooting chart listing possible operating troubles is in- 
cluded at the end of this section. 


4-2. TUBE REPLACEMENT 


Replacing Vl (Figure )-1) 


When replacing probe diode V1, some change in a-c voltage-measuring 
accuracy may occur on the lower three a-c measuring ranges of the in- 
strument. In a typical case these changes will be less than 2%. With 
some diodes the changes can be greater than this, however, so it is 
desirable to recheck calibration accuracy. 


The quality of the individual replacement diode will also effect the 
high frequency accuracy of the instrument. However, specialized 
equipment is necessary for checking the high frequency accuracy. If 
high frequency errors are suspected with a new diode installed, it is 
recommended that another replacement diode be tried. 


When probe diode Vl is replaced, the filament voltage on Vl should be 
checked. A convenient way to measure this voltage is to loosen the 
rear of the probe to expose the cable connections (see Fig. h-1 for 
exploded view of probe) and to connect a wire from the probe nose 
contact to the outer shield of the probe cable at the back of the 
probe, making certain that the probe is otherwise properly assembled 
so that all contacts are made. This will permit the voltmeter to 
read its own filament voltage. The filament voltage should be 5.0 
volt rms and can be adjusted as necessary by R50, available when the 
rear cover is removed. 
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Replacement of Ve and V3 
When V2 or V3 are replaced, three checks should be made: 


a) amplifier balance 
b) microphonics 
c) voltage calibration 


Checking the balance of the amplifier can be done merely by making 
certain that the instrument zero sets with the new tube installed. 
Checking for microphonics consists of making certain that the new 
tube is not unduly sensitive to vibration of the instrument case. 


The calibration procedure to be followed after replacement of V2 or 
V3 is described in paragraph l-h. 


4-3. REPLACEMENT OF BALLAST TUBE V6 


V6 is a current-regulating resistance element enclosed in a glass 
envelope. Its purpose is to maintain a constant voltage of 5 volts 
rms on the a-c heater for probe diode Vl. Failure of V6 is usually 
caused by overloading due to shorts. For this reason, before in- 
stalling a new ballast tube V6, it is recommended that the resistance 
between pin 7 of V6 and ground be checked with V6 removed. A resis- 
tance value of less than approximately ) ohms indicates possibility 
of at least a partial short. 


If the resistance value is in the range from )} to 6 ohms, it is 
ordinarily safe to install the new ballast tube. After installing, 
measure the a-c voltage between pin 7 of V6 and ground, or as de-' 
scribed in paragraph l\-2. If necessary, adjust R50 so that this 
voltage will be 5.0 volts rms. 


4.4, BASIC VOLTAGE CALIBRATION 


Before attempting to adjust either the a-c calibration accuracy or 
the ohmmeter calibration accuracy, it is necessary that the calibra- 
tion of the d-c measuring circuits be accurate. Checking the d-c 
calibration accuracy is also recommended after replacing Ve or V3. 
The procedure is as follows: 


a) Connect multimeter to a 115-volt power source and allow to 
heat for at least 15 minutes. It is desirabie that the line 
voltage be accurately adjusted to 115 volts or to the pre- 
dominating line voltage value if that value is somewhat less 
or more than 115 volts. The power transformer in the equip- 
ment is also designed to accommodate 230 volt lines; if the 
equipment is operated from 230 volt lines, the above infor- 
mation should be modified accordingly. 


as 


b) 


d) 


e) 


g) 
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Remove the back cover from the instrument. To remove the 
cover push down the button at the top rear of the cabinet 
and slide back cover off. 


zero set the instrument with the RANGE switch set to the 
1 volt range and the SELECTOR switch set to the + and - 
positions as described in paragraph 2-5. 


Set SELECTOR switch to +, Range switch should remain at 
LEVOLU. 


Apply exactly 1 volt d-c to the d-c test leads. This 1 
volt value can be obtained using a battery and poten- 
tiometer arrangement. The voltage applied to the volt- 
meter should be monitored and adjusted using the preci- 
Sion d-c meter described earlier. With exactly 1 volt 
applied to the multimeter the meter pointer should indi- 
cate an exact full-scale reading on the uppermost scale. 
If necessary, adjust R32 through the back of the instru- 
ment to make the meter read exactly full-scale. R32 is 
identified in Fig. 4-2 and by appropriate markings on the 
back of the instrument. 


The calibration of the remaining d-c ranges should now be 
checked insofar as the external precision meter and d-c 
source will permit. No adjustment circuits are provided, 
however, for the remaining d-c ranges. The accuracy of 
these ranges is determined by the values of the precision 
range switch resistors R3 through R9. A gross inaccuracy 
in any of the remaining d-c ranges indicates an incorrect 
range resistor or resistors. 


Check a-c calibration accuracy as described below. 


AC VOLTAGE CALIBRATION 


The accuracy of the a-c voltage ranges of the miltimeter should be 
checked after the probe diode Vl has been replaced. Before checking 
the a-c ranges, it is desirable to adjust the basic d-c voltage cali- 


bration as described above in paragraph h-l. The procedure for check- 


ing and adjusting the a-c calibration is as follows: 


a) 


b) 


Adjust line voltage as described in step a of paragraph 
l-l. above; remove back cover as described in step b of 
the same paragraph. ql 


Set SELECTOR switch to a-c and RANGE switch to 1V position. 
Allow equipment to heat for at least 15 minutes with these 
switch settings. 


c) Zero set the d-c and a-c circuits in that order with the 
RANGE switch still at the 1V position, but changing the 
SELECTOR switch as necessary. 


d) Apply to the a-c probe a voltage of exactly 1 volt rms. 
This voltage should have an accurate, undistorted sine 
waveform. The frequency of this voltage should prefer- 
ably be 100 cps or higher if permitted by the freguency 
characteristic of the dynamometer voltmeter. A good 
voltage source for this purpose is an accurate audio 
oscillator such as the -hp- Model 200AB, 205AG, etc. 

To determine that the voltage applied to the probe is 
accurate, it should be monitored by the precision dyna- 
mometer type voltmeter. 


e) With exactly 1 volt rms applied to the probe, the volt- 
meter should indicate exactly full-scale on the 1 volt a-c 
(red) meter scale. If not, adjust R35 (available through 
back of instrument). 


f) Set the RANGE selector to the 3-volt range. Increase 
voltage applied to probe to exactly 3 volts rms. 
Adjust potentiometer R39 to obtain accurate full-scale 
reading on the 3 volt a-c (red) meter scale. 


g) Calibrate the remaining a-c ranges, reading the 1 and 
3 volt d-c (black) scales of the meter. The following 
chart shows the adjusting potentiometers for each of 
the a-c ranges. 


RANGE Switch Calibrating Adjustment 
Setting Voltage Resistor 
1V 1V RMS R35 
SV. 3V RMS R39 
10V 10V RMS RO 
30V 30V RMS R36 
1LOOV 100V RMS RoW 
300V 300V RMS R38 


4-6. OHMMETER ADJUSTMENTS 


No internal adjustments are provided for the ohmmeter circuits other 
than for the full-scale setting of the RX1 range. The full-scale 
setting of the RX1 range may begin to differ from that of the other 
ranges as selenium rectifier CRl ages. To adjust the full-scale set- 
ting of the RX1 range to be equal to the full-scale setting of the 
other ranges, proceed as follows: 


Connect multimeter to power line and allow to warm up. Nor- 
mally the multimeter should be operated from 115 volts; how- 
ever, if it is to be operated at line voltages substantially 
higher or lower than 115 volts the adjustment may be made at 
the expected line voltage. 


Zero set the instrument as described in paragraph 2-5. 


Set RANGE switch to RX10 range and adjust OHM ADJ.co for 
exact full-scale meter reading. 


Set RANGE switch to RX1l range. 
If meter pointer does not read exactly full-scale (cX<), re- 


move back panel from multimeter case and adjust RWI as nec- 
essary. 
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SYMP TOM 


MODEL 10B 


TROUBLE SHOOTING CHART 


CAUSE OF TROUBLE 


AC power cord plug- 
ged in, instrument 
turned on, pilot 
light does not 
light and no read- 
ings obtained. 


No readings obtain- 
able, no zero ad- 
justment, pilot 
lamp lights. 


Zero set drifts or 
zero set not pos- 
sible. 


No a-c readings, d-c 
readings normal. 


A-c zero set drifts 
or inaccurate a-c 
readings only on 
all ranges. 


A-c zero set not 
possible. 


Inaccurate d-c and 
a-c readings. 


Erroneous resis- 
tance readings fol- 
lowing use of OHMS 
probe on high d-c 
voltage. 


Defective power cord, 
plug, or receptacle. 
Fuse (F1) blown. 


Defective a-c 
switch. 


Defective tubes V2, 
V3, or V5. 


Defective tubes V2 
SC Viore 


Probe cap loose, de- 
fective Vl or V6. 


Defective Vl. 


Outside shield of 
a-c probe cable 
shorted to ground. 


Defective Ve or V3, 
defective range re- 
sistor (R3 through 

RQ), misadjustment 

Oteapaote. 


Burned resistors 
PLO sthroush Ris. 


REMEDY AND CHECKS 
Check power source and 
connections. 

Check fuse (Fl) and rec- 
tifier tube V5. 

Check power switch con- 
tinuity. 


lCheck Ve, V3, and v5, if 


necessary, replace and re- 


calibrate, see paragraph 
h-2. 


Check tubes Ve and V3, re- 
place and recalibrate, see 
paragraph |-2. 


Tighten probe cap. Check 


|V1l for operation. 


Replace Vl and recalibrate 


|as instructed in paragraph 


4-3. 


Check cable and repair 
SHOT be 


Check V2 and V3 or R3 
through R9, readjust 
R31 as instructed in 
paragraph )-2. 


Check resistors R10 
through R13 and if nec- 
essary, replace burned 
resistor. 
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Fig. h-2. Rear View of Model 10B, Chassis 
Removed from Instrument Case 
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Fig. )-3. 
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R37 
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RANGE CALIBRATION 
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Fig. h-h. Left Side View of Model )10B 
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NOTES: 


|. ALL CIRCUIT REFERENCES CORRESPOND 


TO THOSE IN THE SCHEMATIC WIRING 
DIAGRAM. 


2. FRONT AND REAR SECTIONS OF SWITCH 
ARE VIEWED FROM THE BOTTOM OF 
THE INSTRUMENT AND THE KNOB END 
OF THE SWITCH. SWITCH SHOWN IN 
THE AC POSITION, 


TO ROTOR 
CONTACT S2a 


TO ROTOR 
CONTACT S2b 


Re TO ROTOR 
li CONTACT S$2c 


TO DC PROD TO OHMS PROD 


Fig.e h-6. Selector Switch Details, Model )10B 
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R 37-50 
(OPP. SIDE) 


R22-470K 


R21- 470 K 


Fig. h-7- Resistor Board Details, Model )10B 
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SECTION V 
TABLE OF REPLACEABLE PARTS 


NOTE 


Any changes in the Table of Replaceable Parts will be 
listed on a Production Change sheet at the front of this 
manual, 


When ordering parts from the factory always include 
the following information: 


Instrument model number 
Serial number 

-hp- stock number of part 
Description of part 
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PAB OF REPLACHR ABLE PARTS 


Circuit -hp- Mfr. * & Mfrs. 
Ref. . Description Stock No. Designation 

Cl, CZ Capacitor: Part of AC probe 
C3 Capacitor: fixed, mica, Vv 

3300 uf, +10%, 500 vdcw Type W 
C4 Capacitor: fixed, mica, V 

3300 uf, +10%, 500 vdcw Type W 
C5 Capacitor: fixed, ceramic, K 

5000 uf, 500 vdcw Type BPD-5 
C6 Capacitor: fixed, ceramic, K 

5000 uf, 500 vdcw Type BPD-5 
C7 Capacitor: fixed, mica, Z 

4700 uf, +10%, 300 vdcw C-1247 
C8 Capacitor: fixed, mica, V 

470 uuf, +10%, 500 vdcw Type OXM 
C9 Capacitor: fixed, ceramic, K 

5000 uf, 500 vdcw Type BPD-5 
C10 Capacitor: fixed, oil filled paper, N 

1 uf, +10%, 600 vdcw #23F467G103 
Cll Capacitor: fixed, paper, CC 

-0O1 uf, 410%, 1600 vdcw #73P103916 
C12 Capacitor: fixed, paper, CC 

o01 uf, +10%, 1600 vdcw #73P103916 
C13 Capacitor: fixed, electrolytic, xX 

50 uf, 50 vdcw TC#39 

This part may be omitted 
Rl Resistor: fixed, composition, B 

22 megohms, +10%, 1 W GB 2261 

Part of Cable Assembly (DC Probe) 
R2 Resistor: Part of AC probe 
R3 Resistor: fixed, composition, 31-216.3K 

216, 300 ohms, +1%, 1W 
R4 Resistor: fixed, composition, 31-683.7K 

683, 700 ohms, +1%, 1W 
R5 Resistor: fixed, composition, 31-2.163M 


2.163 megohms, +1%, 1 W 


*See "List of Manufacturers Code Letters For Replaceable Parts Table.'' 
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TABLE OF REPLACEABLE PARTS 


meee -hp- Mfr. * & Mfrs. 
Description Stock No. Designation 


Resistor: fixed, compositon, 
6.837 megohms, +1%, 1 W 


Resistor: fixed, composition, 
21.63 megohms, +1%, 2 W 


Resistor: fixed, composition, 
21.63 megohms, +1%, 2 W 


Resistor: fixed, composition, 
46.74 megohms, +1%, 2 W 


Resistor: fixed, composition, 
100 ohms, +1%, 1/2 W 


Resistor: fixed, composition, 
900 ohms, +1%, 1/2 W 


Resistor: fixed, compoSition, 
9000 ohms, +1%, 1/2 W 


Resistor: fixed, composition, 
90,000 ohms, +1%, 1/2 W 


Resistor: fixed, composition, 
683,700 ohms, +1%, 1 W 


Resistor: fixed, composition, 
216,300 ohms. 21% 2a 


Resistor: fixed, composition, 
68,000 ohms, +10%, 1/2 W EB 6831 


Resistor: fixed, composition, - B 
22,000 ohms, £10%, 1/2 W EBizcoe 


Resistor: fixed, composition, - B 
10,000 ohms, +10%, 1/2 W EB 1038 


Resistor: variable, wirewound, - I 
2 sections, front 100 ohms | CM-8602 
rear 200 ohms, linear taper 


Resistor: fixed, composition, 24-3.9M-5] B 
3.9 megohms, +5%, 1 W GB 3955 


Resistor: fixed, composition, 23470K-5 B 
470,000 ohms, +5%, 1/2 W EB 4745 


Resistor: fixed, composition, 23-470K-5] B 
470,000 ohms, +5%, 1/2 W EB 4745 


*See "List of Manufacturers Code Letters For Replaceable Parts Table "' 
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TABLE OF REPLACEABLE PARTS 


oe) -hp- Mfr. * & Mfrs. 
‘Description Stock No. Designation 


Resistor: fixed, composition, 
2.7 megohms, +5%, 1 W ca 2755 


Resistor: fixed, composition, B 
10 megohms, +5%, 1 W GB 1065 


Resistor: fixed, composition, ‘ B 
3.9 megohms, +5%, 1 W GB 3955 


Resistor: fixed, composition, B 
680 ohms, +5%, 1 W GB 6815 


Resistor: fixed, composition, B 
270 ohms, +5%, 1 W GB 2715 


Resistor: fixed, composition, | B 
5.6 megohms, +10%, 1/2 W EB 5651 


Resistor: fixed, composition, B 
270 ohms, +5%, 1 W GB 2715 


Resistor: fixed, composition, B 
680 ohms, +5%, 1W GB 6815 


Resistor: variable, wirewound, G 
1000 ohms, linear taper #27-010-355 


Resistor: variable, wirewound, I 
500 ohms, linear taper Type 43 


Resistor: fixed, composition, B 
6800 ohms, +10%, 2 W HB 6821 


Resistor: fixed, composition, B 
10,000 ohms, +10%, 2 W HB 1031 


Resistor: variable, wirewound, it 
500 ohms, linear taper Type 43 


Resistor: variable, wirewound, Muter 
50 ohms, linear taper #10508 


Resistor: variable, wirewound, Muter 
50 ohms, linear taper #10508 


Resistor: variable, wirewound, Muter 
50 ohms, linear taper #10508 


Resistor: variable, wirewound, I 
500 ohms, linear taper Type 43 


Resistor: variable, wirewound, i 
500 ohms, linear taper Type 43 


*See "List of Manufacturers Code Letters For Replaceable Parts Table." 
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TABLE OF “REPUAGE ABLE VP Ake o 


Description 


Resistor: fixed, composition 
4700 ohms, +10%, 2 W 


Resistor: fixed, composition, 
100 ohms, +10%, 1 W 


Resistor: fixed, composition, 
2700 ohms, +10%, 1W 


Resistor: fixed, composition, 
2200 ohms, +10%, 1W 


Resistor: fixed, wirewound, 
5000 ohms, +10%, 10 W 


Resistor: fixed, wirewound, 
5000 ohms, +10%, 10 W 


Resistor: fixed, wirewound, 12 ohms 


Resistor: fixed, composition, 
33 ohms, +10%, 2 W 


Resistor: variable, wirewound, 
25 ohms, +10%, linear taper 


Resistor: variable, wirewound, 
25 ohms, +10%, linear taper 


Resistor: fixed, composition, 
10 ohms, +10%, 1W 


Resistor: fixed, composition, 
33 ohms, +10%, 1W 


Resistor: fixed, composition, 
220 ohms, +10%, 1W 


Fuse: 1A, 3 AG type (115V operation) 


Fuse: .5A, 3 AG type (230V operation) 


Fuseholder: 

Indicator Lamp Assembly: 
Knob: AC 

Knob: lel/2" diam, 

Knob: countersunk 

Knob: 11/16" diam. 


Lamp 


ship 


Stock No. 


25-4700 
24-100 
24-2700 
24-2200 
26-8 
26-8 


410B-26 


25-33 
210-46 
210-46 
24-10 
24-33 
24-220 


211-56 
211-36 
140-18 
145-2 
37-17 
37-11 
37-16 
37-1 


211-47 


Mfr. * & Mfrs, 
Designation 


B 
HB 4721 


B 
GB 1011 


B 
GB 27ZI 


B 
GBPZ23! 


iS) 
Type 1-3/4E 


Ss 
Type 1-3/4E 


HP 


B 
HB 3301 


Precision Parts 
Co., #MP 25 


Precision Parts 
Co., #MP 25 


B 
GB 1001 


B 
GB 3301 


B 
GB 2211 


T, #312001 
T, #321005 
T, #342001 


BB, #807BS 


O, Mazda #47 


*See "List of Manufacturers Code Letters For Replaceable Parts Table." 
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TABLE OF REPLACEABLE PARTS 


Circuit -hp- 
Stock No. 


Mfr. * & Mfrs. 
Ret. w Deseription Designation 


Male Connector Board: 
Ml Meter: 


The numbers shown in the circuit ref- 
erence column identify the following 
parts on the Complete Probe Assembly 
drawing. 

1-38 Probe Assembly: Consists of AC probe, | 410B-16 

DC volts and ohms test prods, all 

test leads and female connector 

board. Includes resistors Rl, R2 

and capacitors Cl, C2. 


Probe Assembly Parts that may be 


DC volts Test Prod: 410B-95A 
AC Probe: (less diode) 410B-95B 
Common Ground Lead: 42A-95C 
Ohmmeter Test Prod 42A-95D 
yd Ground Clip Lead 42A-17 
Ze Ground Clip Sleeve 42A-25H 
3. Probe Blocking Capacitor 42A-84 
4. Sleeve 42A-25C 
5. 4-40 x 1/4" Fillister Head Mach. 230-34 
Screw 
6. Probe Contact Plate 42A-95E 
o Contact Tip and Spring 42A-25L 
9. AC Probe Diode (2-01C) 212-2-01C 
10. Socket Assembly 42A-95F 
ri, Cap 42A-25G 
WZ. Rubber Washer 89-24 
13 Metal Washer 512-46 
14, Clamp Nut G57B 
15. Retainer Cap 42A-25J 
16. 4 ft. of Special Coaxial Cable 812-35 
17. Needle 
18, Tip Nut . Supplied as a 
19. Screw Connector unit 149-26 
20. Ohms Probe Body 
ya 4' Red Rubber Covered Wire 816-2 
Giles Needle 
De Tip Nut Supplied as a 
24, Screw Connector unit 42A-16L 
23 DC Probe Body 
(Ae 22 Megohm, 1 watt Carbon Resistor | 24-22M 
Zilis Nut 42 A-16K 
28. 4' Coaxial Black Cable 812-11 
296 Alligator Clip 38-31 
30. 4' Black Wire 816-1 


obtained separately: 


woce | Iiist of Manuiacturers Code Letters For Replaceable Parts Table." 
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TABLE OF REPLACEABLE PARTS 


pare -hp- Mfr. * & Mfrs. 
Description Stock No. Designation 


Shield 

6-32 x 1-1/8'' Round Head Mach. 
Screw 

#6 Flat Steel Washer, 9/32"! 

#6 Extruded Fiber Washer 

4-40 x 3/4" Fillister Head Mach. 
Screw 

#4 Compression Washer, 1/16" 

4-40 x 3/16" Nut 

Female Connector Board 


Metallic Rectifier: 4D2814AS 
Rear Cover: 


Power Cable: 


Selector Switch Assembly: The follow- 
ing resistors and capacitors are 
part of this assembly but are also 
listed separately: R10, C7 


|Range Switch Assembly: 
The following resistors are part of 
this assembly but are also listed 
separately: R3-R9, “Riise R IS. 


Power Transformer 
Tube Holder: for 6X4, OB2 tubes 
Tube Holder: for 12AU7 tubes 


Tube: 2-01C 

Tube: 12ZAU7 
Tube: 12AU7 
Tube: OB2 

Tube: 6X4 

Ballast Tube: #6-4 


*See "List of Manufacturers Code Letters For Replaceable Parts Table." 
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LIST OF MANUFACTURERS CODE LETTERS 
FOR REPLACEABLE PARTS TABLE 


Code Letter 


roOAOAW pS 


0 


NX¥<HODVOmZeo Man 


Manufacturer 


Aerovox Corp. 

Allen-Bradley Co. 

Amiperite- Co. 

Arrow, Hart and Hegeman 
Bussman Manufacturing Co. 
Carborundum Co, 

Centralab 

Cinch Manufacturing Co. 
Hewlett-Packard 

Clarostat Manufacturing Co. 
Cornell Dubilier Electric Co, 
Hi-Q Division of Aerovox Corp. 
Erie Resistor Corp. 

Federal Telephone and Radio Corp. 
Genevalimtectric Co, 

General Electric Supply Corp. 
Girard-Hopkins 

International Resistance Co. 
iSectronim, Inc. 

Littelfuse, Inc. 

Micamold Radio Corp. 

Pence vMarory Go, , ‘inc. 
Sangamo Electric Co. 

Sarkes Tarzian 

Sprague Electric Co. 

Stackpole Carbon Co. 

Sylvania Electric Products, Inc. 
Western Electric Co. 
Amphenol 

Draeuignt Go. of America 
switchcratt, Inc. 

Gremar Mfg. Co. 

Carad Corp. 

Any tube having RETMA standard characteristics 


9O0BY013 


CLAIM FOR DAMAGE IN SHIPMENT 


The instrument should be tested as soon as it is received. If it fails to operate 
properly, or is damaged in any way, a claim should be filed with the carrier. A full 
report of the damage should be obtained by the claim agent, and this report should 
be forwarded to us. We will then advise you of the disposition to be made of the 
equipment and arrange for repair or replacement. Include model number and serial 
number when referring to this instrument for any reason. 


WARRANTY 


Hewlett-Packard Company warrants each instrument manufactured by them to 
be free from defects in material and workmanship. Our liability under this warranty 
is limited to servicing or adjusting any instrument returned to the factory for that 
purpose and to replace any defective parts thereof. Klystron tubes as well as other 
electron tubes, fuses and batteries are specifically excluded from any liability. This 
warranty is effective for one year after delivery to the original purchaser when the 
instrument is returned, transportation charges prepaid by the original purchaser, 
and when upon our examination it is disclosed to our satisfaction to be defective. If 
the fault has been caused by misuse or abnormal conditions of operation, repairs 
will be billed at cost. In this case, an estimate will be submitted before the work is 
started. 


If any fault develops, the following steps should be taken: 


1. Notify us, giving full details of the difficulty, and include the model number 
and serial number. On receipt of this information, we will give you service data 
or shipping instructions. 


2. On receipt of shipping instructions, forward the instrument prepaid, to the 
factory or to the authorized repair station indicated on the instructions. If requested, 
an estimate of the charges will be made before the work begins provided the instru- 
ment is not covered by the warranty. 


SHIPPING 


All shipments of Hewlett-Packard instruments should be made via Truck or 
Railway Express. The instruments should be packed in a strong exterior container 
and surrounded by two or three inches of excelsior or similar shock-absorbing material. 
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complete coverage 


In electronic test instruments, Hewlett-Packard gives you 
complete coverage several different ways. 


In development — -/p- engineer teams are continually 
at work designing and producing accurate, helpful new 
instruments that meet and anticipate the demands of 
electronics. 


In instrumentation—the -/p- line is the world’s largest 
and most complete. You choose from over 250 instru- 
ments the ones that provide exactly the measuring cover- 
age you require. 


In frequency coverage—-hp- makes nearly every kind 
of useful electronic test instrument. And, for almost all 


useful frequencies, too. For example, -hp- signal gener- 
ators offer solid frequency coverage from 10 to 21,000 
MC; -hp- voltmeters from 2 to 700,000,000 cps, oscillators 
from .008 to 10,000,000 cps. 


In personal service — -/p- has selected the best inde- 
pendent organizations to give you personal help with 
measuring problems. Electronics specialists—men trained 
by Hewlett-Packard—save you time by helping select the 
exact -bp- instrumentation you need — and following 
through to be sure the equipment is properly utilized to 
serve you best. These men are located in major business 
centers—as near as your telephone. Call them when you 
need personal help,—in your plant, today. 
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OPERATING AND) SERVICING MANUAL 


MODEL 410B 
HIGH FREQUENCY 


VACUUM TUBE VOLTMETER 
SERIALS PREFIXED: 024 - 
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SPECIFICATIONS 


RANGES: 1 to 300 volts full scale in 6 ranges: 1, 3, 10, 30, 100, and 300 volts 
AC or DC and 0-1000 volt range DC. Resistance 0.2 ohm to 500 meg- 
ohms in seven ranges. Mid-scale reading of 10, 100, 1,000, 10, 000, 
100,000 ohms, 1 megohm, and 10 megohms. 


ACCURACY: +3% of full scale on all ranges on sinusoidal AC voltages and DC volt- 
ages. The AC portion of the instrument is a peak-reading device, 
calibrated in rms volts. Ohmmeter accuracy is +1 ohm at mid-scale 
of RXl range, +5% at mid-scale of all other ranges. 


FREQUENCY RESPONSE: Frequency response is flat within +1 db up to 700 mc and drops off less 
than 1 db at 20 cps. Probe resonant frequency is about 1, 250 mc and an 
indication can be obtained up to 3,000 mc. 


INPUT IMPEDANCE: Input capacity is 1.5 yuf; input resistance is 10 megohms at low 
frequencies. At high frequencies resistance drops off due to dielec- 
tric losses. DC input resistance is approximately 122 megohms for 
all ranges. 


The probe is approximately 1" diameter and 4-1/2" long. It is equipped 
with a ground clip, and the connector may be soldered to the point under 
test. Adapting connectors are available to measure voltages in coaxial 
transmission lines. 


POWER SUPPLY: 115/230 volts +10%, 50/1,000 cps, 40 watts. 


SIZE: Cabinet Mount: 11-1/2" high, 7-3/8" wide, 8-3/4" deep. Compartment 
at rear of instrument stores probe and test leads when not in use. 


WEIGHT: Cabinet Mount: 12 lbs.; shipping weight approximately 17 lbs. 
Rack Mount: 12 lbs. ; shipping weight approximately 26 lbs. 


RACK MOUNTING: Available on standard RETMA 7" x 19" panel. 


ACCESSORIES @p 452A Capacitive Voltage Divider, 25 KV max., requires @ 452A-95A 
AVAILABLE: Adapter. 
@ 453A Capacitive Voltage Divider, 2 KV max. 
@ 455A Probe Coaxial ''T'' Connector, for Type ''N" systems. 
¢p 458A Probe Coaxial ''N"' Connector, terminates Type ''N" systems. 
ye 459A DC Resistive Voltage Multiplier, 30 KV max. 
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CAUTION 


The a-c probe shell, the common ground clip lead, the instrument chassis 
and cabinet, and the green grounding lead in the three-conductor power cable 
are electrically connected together at all times. When the NEMA connector 
is used in the proper manner, a ground path is established between the 410B 
and equipment which is also grounded. } Do not connect the ground clip lead or 
the a-c probe body to any point which is not at ground potential because a 
short circuit will be created. If such a measurement is necessary, discon. 
nect the NEMA ground in the power cable by using an adapter with the ground- 
ing pig-tail removed, and the cabinet insulated from ground. The 410B cabinet 
will be at the same potential as the negative clip lead. Caution must be used 
if the clip lead is connected to a point which is more than a few volts off 


ground. Because of the potential hazard to personnel, this method is not 


recommended. 


One side of almost all power distribution systems is grounded. Extreme cau- 
tion must be used if direct measurement of power system voltages is at- 
tempted. If the ground clip lead is accidentally connected to the ungrounded 
side of the line, severe damage to the 410B is possible because of the short 
circuit created. Power line voltages can be safely measured by using the 
probe Tip only. Contacting the grounded power conductor will give a reading 
of 0 volts while contacting the ungrounded lead will give full line voltage 


reading. 


The 410B is designed for the measurement of audio and r-f voltages and is 
excellent for this purpose. In normal practice these voltages are almoss 
always measured with respect to chassis ground and no concern need be given 
to grounds. D-C voltages can almost always be determined by measurements 


with respect to ground, either directly or by subtraction. 


1-1 GENERAL DESCRIPTION 


The @ Model 410B is a laboratory quality volt-ohm- 
meter that has been especially designed for making 
accurate voltage measurements in the frequency 
range from 20 cps to over 700 mc per second, with 
useful indications at frequencies as high as 1500 
megacycles. The instrument has full scale a-c 
ranges of 1, 3, 10, 30, 100 and 300 volts, with 
an input resistance of 10 megohms at low frequen- 
cies, shunted by 1.5 puf. Dc ranges are provided 
with full scale values of 1, 3, 10, 30, 100, 300 and 
1,000 volts. The dc input resistance is approximately 
122 megohms on all ranges. The ohmmeter ranges 
have mid-scale values of 10, 100, 1,000, 10,000, 
100,000, 1,000,000, and 10, 000, 000 ohms, Accurate 
resistance readings from 1 ohm to 500 megohms are 
easily made. 


The meter scale calibration is very straight for- 
ward. All dc voltage ranges and ac ranges 10 volts 
and above are read on two black scales calibrated 
0-1 and 0-3. Due to non linearity of the diode at 
very low voltages, the 1 and 3 volt ac ranges are 
read on special, separate, red scales. 


All resistance readings are made on one OHMS scale. 
Figure 1-1 is a drawing of the 410B meter scales. 


Figure 1-1. Meter Scale Calibration @ 410B 
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SECTION | 
GENERAL 


Power for the ohmmeter circuits is supplied by the 
instrument power supply which eliminates the neces- 
sity of using any battery with its attendent mainte- 
nance. 


The high accuracy obtained with all voltage measure- 
ments makes the ¢) Model 410B useful for a wide 
variety of laboratory and field applications, especially 
in high frequency work. Construction of the a-c probe 
is such as to enable the operator to minimize lead 
length and input capacity, factors which usually re- 
strict the high frequency range in instruments of 
this type. The wide range of a-c and d-c voltage 
and resistance measurements combined with con- 
venience of operation make the 410B very useful for 
all types of circuit testing and trouble shooting as 
well as development work. 


1-2. POWER LINE VOLTAGE 


When the instrument leaves the factory, the dual 
115 volt primary windings of the power transformer 
are connected in parallel for operation from a nominal 
115 volt source. If operation from a nominal 230 
volt supply is desired, the windings may be easily 
reconnected in series. Refer to the schematic draw- 
ing for details, Install the correct power line fuse 
as listed in the Table of Replaceable Parts. 


1-3 THREE CONDUCTOR POWER CABLE 


The three conductor power cable supplied with this 
instrument is terminated in a polarized three-prong 
male connector recommended by the National Elec- 
trical Manufacturers' Association. The third con- 
tact is an offset round pin, WHICH GROUNDS THE 
INSTRUMENT CHASSIS when used with the appro- 
priate receptacle. To use the NEMA connector 
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in a standard two-contact receptacle, a three-prong 
to two-prong adapter should be used. The ground 
connection emerges from the adapter as a short 
lead which should be connected to a suitable ground 
for the protection of operating personnel. 


1-4 ACCESSORIES 


The 410B is not furnished with any accessories, 
however a number of special accessories are made 
by @ which extend the a-c and d-c voltage range of 
the instrument and facilitate a-c measurements in 
coaxial systems. A description of these accessories 
and their specifications is contained below; the ac- 
cessories are shown in Figure 1-2, 


a. Model 453A Capacitive Voltage Divider - 

The Model 453A Capacitive Divider shown in 
Figure 1-2a extends the a-c voltage range of the 
410B Multimeter to 2000 volts rms. The divider is 
for use at frequencies above 10 kilocycles. Voltage 
division is 100:1, +1%, and the input capacity is ap- 
proximately 2 micromicrofarads. 


b. @ Model 452A Capacitive Voltage Divider - 

The Model 452A Capacitive Divider shown in 
Figure 1-2b extends the a-c voltage range of the 
410B Multimeter to as much as 25 kilovolts. This 
divider permits measurement of extremely high 
a-c voltages such as are encounterd in dielectric 
heating equipment and Similar applications. The 
frequency range of the divider is from 25 cps to 
20 mc, although as frequency increases, the divider 
is de-rated to limit the r-f current flowing through 
its capacitors. A fixed gap is provided so that break- 
down will occur if the applied voltage exceeds about 
28 kv at low frequencies. Voltage division is 1000:1, 
+3%, and the input capacity is 15 micromicrofarads. 
An adapter, @)452A-95A, is also required to connect 
the 410B AC probe to the shielded banana plug fit- 
ting of the 452A. (The 452A fitting is designed for 
use with a @) 400D type meter.) 


c. Model 458A Probe Coaxial "N" Connector - 

The Model 458A coaxial connector shown in 
Figure 1-2c allows the a-c probe of the 410B Multi- 
meter to be connected to a 50-ohm coaxial line. 
The connector uses a female type N connector and 
a receptacle for receiving the a-c probe of the 410B 
voltmeter. No terminating resistor is included. 


d. Model 455A Coaxial "T" Connector - 
For measurements at the higher frequencies 
the special T-joint shown in Figure 1-2d has been 


designed for connecting the 410B Multimeter across 
a 50-ohm transmission line using type N connectors. 
The T-joint has been designed so that the connection 
of the multimeter into a transmission line circuit will 
not cause a standing wave ratio greater than 1.1 at 
500 megacycles and 1.2 at 1000 megacycles. With 
the aid of this device, measurement of power travel- 
ing through a transmission line may be made with 
reasonable accuracy to 1000 mc. The usual pre- 
cautions must be taken to provide accurate impedance 
matching and the elimination of standing waves along 
the line through which power is flowing. By using a 
dummy load at the receiving end of this T-joint, 
power output of various devices can be measured. 
In many applications power going into a real load, 
such as an antenna, can be conveniently measured 
up to frequencies as high as 1000 megacycles with 
good accuracy. 


e. e 

The Model 459A dc voltage divider shown in 
Figure 1-2e extends the dc voltage range of the @ 
Model 410B to a maximum of 30 kilovolts. Division 
ratio is 100:1, +5%, and the input impedance is 
12,000 megohms. This probe offers maximum safety 
and convenience for measuring high voltages such 
as in television equipment, etc. The maximum 
circuit loading is 2.5 microamperes. 


1-5 INITIAL ASSEMBLY OF THE PROBE ASSEMBLY 


The 410B is shipped from the factory with the probe 
assembly packed in a compartment accessible by 
removal of the rear cover. The banana-plug con- 
nector should be plugged into the bottom of the in- 
strument and secured with the two machine screws. 


1-6 METER MOVEMENT MECHANICAL ZERO 


Whenever the meter pointer does not indicate exactly 
on zero, the pointer should be reset to zero. For 
most accurate positioning of the pointer, turn the 
instrument on for about 15 minutes to allow it to 
reach operating temperature. Turn off the power 
and wait at least 30 seconds for the capacitors in 
the instrument to discharge. 


The adjust screw is in-the meter frame at a mid- 
point immediately below the meter face. The ad- 
justment is made properly only when the pointer 
is traveling in the opposite direction to the turn of 
the adjust screw. Although the adjust screw may 
be turned in either direction, a practical procedure 
is to turn the screw in a clockwise direction until 
the pointer starts to swing back toward zero. Then, 
still turning the screw clockwise, bring the pointer 
(now traveling counterclockwise), back to zero. 


CAPACITY DIVIDER 
RATIO 100:1 


MODEL 453A 
Ap) HEWLETT-PACKARD COMPUT 


1-2a @Model 453A 
Capacitive Voltage Divider 


1-2c Model 458A 
Probe Coaxial "N'" 
Connector 


APACITIVE 
VOLTAGE DIVIDER 


1-2b @ Model 452A 
Capacitive Voltage Divider 
and 452A-95A Adaptor 


PROBE -T- CONNECTOR 
50. OHM LINE 


MODEL 455A 


HEWLRIT PACKARD. 


Palo Alto, Colifornis 


1-2d @Model 455A Coaxial 'T" Connector 


DC MULTIPLIER 
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MODEL 459 A 
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1-2e @Model 459A DC Resistive Voltage Multiplier 


Figure 1-2. Accessories for Model 410B 
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PILOT LIGHT 


OHMS 
FULL SCALE 


ADJ. AC ZERO ADJ. 


DC 


ZERO ADJ. RANGE SWITCH 


COMMON (GND) LEAD 


OHMS PROBE (RED) 


DC PROBE (BLACK) 
FUNCTION SELECTOR 


AND POWER SWITCH 


AC PROBE 


GROUNDING CLIP MP- S - 578 


Figure 2-1. Model 410B Controls and Terminals Labeled 


2-1 OPERATING CONTROLS AND TERMINALS 


A description of each of the front panel controls, 
the test probes, and the meter follows: 


SELECTOR - This five-position switch turns the 
instrument on; provides for measurements of nega- 
tive or positive d-c voltage, a-c voltage, or re- 
sistance; and connects the appropriate probe for 
the desired measurement. 


RANGE - This switch selects the full-scale volt- 
age or resistance range to be used. 


ZERO ADJ. - The larger, fluted knob is a basic 
zero adjustment that sets the meter pointer to zero 
when the SELECTOR switch is set at - and+. The 
smaller knob marked AC is used to set the meter 
pointer to zero following the basic zero adjustment 
and with the SELECTOR switch set to AC. 


OHMS ADJ.* - This knob adjusts the meter pointer 
to full scale (~) when the SELECTOR switch is set 
to OHMS. 


OHMS, AC, DC, COMMON - The designation at 
the bottom of the control panel identify the various 
test leads, which are connected underneath the in- 
strument. The connector can be removed by un- 
screwing the two captive round head screws in either 
end of the connector. Once installed, the three 
probes need not be removed, although only the one 
probe in use is connected through the SELECTOR 
switch to the internal circuits. Each probe has the 
specialized function described below. 


OHMS - The red rubber-covered cable with the 
red plastic prod is used in measuring resistance. 
The prod is equipped with a small chuck to hold a 
steel phonograph needle. The instrument is shipped 
from the factory with the sharp point of the needle 
inside the chuck and can be reversed if it is neces- 
sary to employ a sharp point for good connection. 
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SECTION II 
OPERATING INSTRUCTIONS 


The probe is the negative side of the internal volt- 
age source used for resistance measurements, 


AC - A cable that terminates in the shielded probe 
is used for ac voltage measurements. The probe tip 
contacts the point in a circuit where a voltage is to 
be measured and the clip lead on the probe connects 
to the ground side of the circuit. 


DC - The black, shielded cable with the black 
plastic prod is used to measure d-c voltages. The 
prod is equipped with a small chuck to hold a steel 
phonograph needle. The instrument is shipped from 
the factory with the sharp point of the needle inside 
the chuck and can be reversed if it is necessary to 
employ a sharp point for good connection. 


COMMON - The black rubber-covered wire termi- 
nated in an alligator clip is the negative connection 
for all measurements except those made with the 
clip lead on the end of the AC probe. The common 
lead is connected directly to the chassis of the in- 
strument and to the third grounding conductor in the 
power cable. When making resistance measurements 
this lead is positive with respect to the red prod. 


FUSE - The fuseholder, located behind the cover 
in the rear compartment of the instrument, contains 
a 0.6 amp slow-blow, 115 volt line cartridge fuse 
replaceable by unscrewing the fuseholder cap and 
inserting a new fuse. A 0.25 amp slow-blow fuse 
should be used if the instrument is operated on 230 
volts. 


2-2 OPERATING ADJUSTMENTS 


The @ Model 410B has three front panel operating 
adjustments: ZERO ADJ., AC ZERO ADJ., and 
OHMS ADJ.~. ZERO ADJ. sets the meter pointer 
to zero when the selector switch is in the - and in 
the + positions and must be adjusted before the AC 
and the OHMS adjustments are made. AC ZERO 
ADJ. adjusts the meter pointer to zero when the 
selector switch is in the AC position to compensate 
for any small residual meter reading that appears 
as the a-c probe is switched into operation. The 


Sect.II Page 2 


AC ZERO should be adjusted when the range switch 
is on the 1 volt range. OHMS ADJ.~& sets the meter 
pointer to full-scale when the selector switch is 
turned to the OHMS position. 


2-3 STEP-BY-STEP OPERATING PROCEDURES 


A. Basic Zero Adjustment 


1) Connect the power cable to the power line. Set 
the SELECTOR switch to the (-) position and allow 
instrument to heat for five minutes for stable oper- 
ation. 


2) Connect the DC and COMMON test leads together. 
Adjust the ZERO ADJ. (outer concentric knob) con- 
trol so that the meter indicates zero with the RANGE 
switch set to the 1 volt range. 


3) Set the SELECTOR switch to + and note the meter 
reading. If the needle point has shifted, set ZERO 
ADJ. so that the needle returns to the same position 
for both - and + positions of the SELECTOR switch. 


4) Proper zero set is indicated when the meter 
zero does not shift when the SELECTOR switch is 
changed from (+) to (-) and back. 


B. AC Zero Adjustment 


1) Make the Basic Zero Adjustment described above. 


2) Set the SELECTOR switch to AC and set the 
RANGE switch to the 1 volt position. 


3) Connect the AC probe clip lead to the probe tip. 


4) Adjust the AC knob to bring the meter pointer 
to 0. 


C. OHMS Full-Scale and Zero Adjustment 
1) Make the Basic Zero Adjustment described above. 
2) Set the SELECTOR switch to OHMS. 


3) Adjust the OHMS ADJ. © control so that the me- 
ter pointer indicates © on the ohms scale. The 
OHMS and COMMON test leads must not be connected 
together when making this adjustment. 


4) To use the ohmmeter without making the basic 
zero or AC adjustment, connect the OHMS and COM- 
MON test leads together, set the RANGE switch to 
RX1K or higher range, and adjust the ZERO ADJ. 
(outside concentric knob) until the meter pointer in- 
dicates zero on the ohms scale. 


5) With the OHMS test lead not shorted, set the 
OHMS ADJ. ~~ knob to bring the pointer to ~. 


The multimeter is now ready for operation. Before 
attempting to make an actual measurement, study 
the operating procedures described in the paragraphs 
below. 


CAUTION 


The voltmeter COMMON, the AC PROBE ground clip 
lead, the instrument chassis and cabinet are all 
electrically tied together at all times. In addition, 
the third (green) lead in the power cable is tied to 
the chassis. If the three prong NEMA connector 
is used in a proper mating receptacle, the 410B 
will be connected to the power system ground. When 
making voltage measurements, ac or dc, positive 
or negative, always connect the voltmeter COMMON 
or the AC PROBE ground clip lead to the chassis, 
or ground, of the equipment under test. Connecting 
the ground clip to any other point will automatically 
ground that point to the power system ground. Ifa 
ground path in the equipment under measurement 
also exists to the power ground, a short circuit will 
result. If a three-prong to two-prong adapter is used 
with the pig~tail ground lead disconnected, the cabinet 
of the 410Bwill assume the same potential as the point 
to which the clip lead is connected. For safety's 
sake, it is best not to make measurements with the 
ground clip lead connected to points not at chassis 
potential. In almost every case the measurement 
can be made successfully by reading the voltages 
with respect to ground and then subtracting one read- 
ing from the other. 


2-4 PROCEDURE FOR MEASURING DC VOLTAGES 


a. Make the basic zero adjustment described 
earlier in paragraph 2-3, 


b. Set the SELECTOR switch to either the (+) or 
(-) position, depending upon the polarity of the 
voltage to be measured. 


c. Set the RANGE switch to the range that includes 
the voltage to be measured. 


d. Connect the COMMON test lead to the ground side 
of the circuit to be measured and touch the DC 
VOLTS prod to the point in the circuit being measured. 


e. Read the measured voltage from the meter, multi- 

plying the indicated value by the appropriate fac- 
tor. Dc voltages are read from the two top meter 
scales, 0-1 and 0-3, printed in black. 
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The ac probe blocking capacitor is rated 
Before measuring voltages above 50 mega- 


cycles, consult Figure 2-2 a graph of maximum 


applied voltage vs. frequency. Certain other pre- 
cautions apply to ac voltage measurements, they 


at 500 volts, do NOT connect the ac probe to higher 
are discussed in paragraph 2-8. 


CAUTION: 
voltages. 


Set the RANGE switch to the range that includes 


Make the AC ZERO adjustment described above. 
the voltage to be measured. 


2-5 PROCEDURES FOR MEASURING AC VOLTAGES 


a. 
b. 
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c. Connect the ground clip lead on the a-c probe to 

ground of the circuit being measured and touch 
the a-c probe tip to the other side of the circuit being 
measured. (For audio frequencies the ground lead 
from the voltmeter chassis may be used for negative 
connection instead of the ground lead on the a-c 
probe, if desired.) 


d. The measured voltage is then read from the 
meter. The full-scale value of the meter is 
indicated by the setting of the RANGE switch. 


NOTE 


The 0 - 1V and 0 - 3V meter scales printed in red 
are for use only with the 1V and 8V a-c positions of 
the RANGE switch. The remainder of the alternat- 
ing voltage ranges are read from the two top meter 
scales (0 - 1 and 0 - 3) printed in black. 


2-6 PROCEDURE FOR MEASURING RESISTANCES 
CAUTION 


TURN OFF EQUIPMENT THAT IS TO BE TESTED 
BEFORE MAKING RESISTANCE MEASUREMENTS. 
Be certain that no residual voltages remain in the 
circuit being measured. When making a leakage 
resistance measurement on paper capacitors on the 
RX1Meg range, a reading of greater than ~ is some- 
times measured with the OHMS leads connected one 
way and a fairly low value of resistance will be mea- 
sured with the OHMS leads reversed. This is caused 
by a surface charge in the dielectric of the capacitor 
which leaks out after the capacitor is first discharged 
and builds up another slight voltage across the ter- 
minals. Since the 410B operates at a very high im- 


aL 


RESPONSE 
db 
O 


lO cps 


pedance level, this small voltage will cause errone- 
ous resistance readings. Generally, keeping the 
capacitor terminals shorted for a few minutes will 
reduce this charge to zero and a correct reading 
can be made. This phenomenon will not occur on 
any of the lower ranges. 


a. Make the OHMS adjustment described in para- 
graph 2-3C. 


b. Set the SELECTOR switch to the OHMS position. 


c. Connect the COMMON and OHMS test leads to 
the resistance to be measured. 


d. Set the RANGE switch to the position that gives 
the largest up-scale meter indication. 


e. Read resistance value from bottom scale on 

meter. The resistance is equal to the scale 
indication times the multiplying factor shown by 
the position of RANGE selector. 


f. Resistance readings up to a million megohms 
or higher are possible with an external battery. 
Refer to paragraph 2-10 for details. 


2-7 ELECTRICAL CHARACTERISTICS OF THE 
DIODE AND PROBE 


The ¢) Model 410B measures a-c voltages from 1 volt 
full-scale to 300 volts full-scale in the frequency 
range from 20 cycles to 60 megacycles and measures 
reduced voltages to 700 megacycles. The basic ac- 
curacy is +3% for measurement of sine waves up to 
60 megacycles per second, while the frequency re- 
sponse is +ldb over the entire frequency range 


1.Omc 


FREQUENCY 


Figure 2-3, 


Ratio of Indicated to Actual Voltage as a Function of Frequency 


MEGOHMS 
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ali, 
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Figure 2-4, 


from 20 cycles to 700 megacycles per second. The 
410B continues to be useful up to the probe resonant 
frequency of approximately 1250 megacycles, and 
indications can be obtained up to 3000 megacycles. 


A performance curve for the probe, showing the ratio 
of indicated to actual voltage as a function of fre- 
quency, is plotted in Figure 2-3, At low and medium 
frequencies the response is flat. At high frequen- 
cies, however, the response is affected by two fac- 
tors: transit time of the probe diode, which is de- 
pendent upon the magnitude of the applied voltage; 
and the resonant frequency of the probe, which is 
independent of the applied voltage. The effect of 
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Input Resistance and Reactance of Model 410B Diode Probe 


transit time is indicated by the dip in the 1-volt curve 
in the vicinity of 500 mc. The rise of the 3-volt and 
10-volt curves is due to the effects of resonance in 
the probe, which overshadow the effects of transit 
time. 


The input resistance and shunt capacitive reactance 
components in the circuit within the a-c probe are 
shown in the graph Figure 2-4. At low frequencies 
the input resistance exceeds 10 megohms, decreas- 
ing at higher frequencies because of dielectric and 
tube losses. The shunt capacity component of input 
impedance is approximately 1.5 micromicrofarads. 
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2-8 AC MEASUREMENT PRECAUTIONS 


Special considerations must be kept in mind when 
making a-c voltage measurements. These consid- 
erations are discussed in the following paragraphs. 


a. General Consideration of Complex Wavforms 
Waveforms containing appreciable harmonics or 


spurious voltages will introduce errors in the meter 
indication since the meter has been calibrated to read 
rms values of true sine waves while the a-c probe is 
a peak-responding device. The magnitude of error 
that may be expected when harmonics are present 
on the measured waveform is indicated in the Table 
below. 

Table 2-1. Possible Error when Measuring 
Voltage of Complex Waveforms 


% True 
Harmonic RMS Value 


0 100 
10% 2nd 90 to 110 
80 to 120 
75 to 150 
90 to 110 
87 to 120 
108 to 150 


Model 410B 
Indication 


20% 2nd 
50% 2nd 
10% 3rd 
20% 3rd 
50% 3rd 


b. Voltage Measurements at Frequencies below 
00 Cycles/Second - Voltage measurements 
at frequencies as low as 10 cycles per second may 
be made to the unit's basic accuracy by removing 
the plastic nose on the a-c probe and using in its 
place a blocking capacitor of 0.25 microfarad in 
series with the exposed contact of the probe. 


CAUTION: The gray insulating material of the probe 
of the 410B is polystyrene, a low melting-point mat- 
erial. It is not possible to solder to the contact 
which is exposed when the probe nose is removed 
without destroying the polystyrene. 


c. Voltage Measurements at High Frequencies 
At frequencies above 100 megacycles the distance 


between the point of voltage measurement and the 
anode contact of the a-c probe must be made as short 
as possible. If feasible, substitute a small button- 
type capacitor of approximately 50 micromicrofarads 
for the removable tip on the a-c probe. Solder one 
terminal of the button capacitor to the measurement 
point in the circuit and not to the probe contact. 
The probe contact (with tip removed) can then contact 
the other terminal of the capacitor for the measure- 
ment. 


At frequencies above 100 megacycles considerable 
voltage may be built up across ground leads and 
along various parts of a grounding plane. Conse- 
quently, to avoid erroneous readings when measure - 


ing medium and high frequency circuits, use the 
ground clip lead on the shell of the probe. In some 
cases at the higher frequencies it may be necessary 
to shorten still further the grounding lead on the 
shell of the probe. 


For all measurements at the higher frequencies hold 
the molded nose of the probe as far from the external 
ground plane or from objects at ground potential as 
can conveniently be done. Under typical conditions, 
this practice will keep the input capacitance several 
tenths of a micromicrofarad lower than will be ob- 
tained otherwise. 


For a-c measurements above approximately 250 
megacycles it is nearly mandatory that measure- 
ments be made on voltages which are confined to 
coaxial transmission line circuits. For applications 
of this type, the ¢) Model 410B is particularly suitable 
because the physical configuration of the diode and 
probe is that of a concentric line, and with a few 
precautions it can be connected to typical coaxial 
transmission line circuits with little difficulty. 


To connect the ¢ Model 410B into an existing coaxial 
transmission line, cut the line away so the center 
conductor of the line is exposed through a hole large 
enough to clear the body of the voltmeter a-c probe. 
The nose of the probe should be removed for this 
type of measurement. Connect one terminal of a 
button-type capacitor of approximately 50 micro- 
microfarads to the center conductor of the coaxial 
line so that the other terminal of the capacitor will 
contact the anode connection of the probe. A close- 
fitting metal shield or bushing should be arranged to 
ground the outer cylinder of the probe to the outer 
conductor of the transmission line. This type of 
connection is likely to cause some increase in the 
standing wave ratio of the line at higher frequencies. 
The @ Model 455A Coaxial ''T' Connector is de- 
signed to do this job with a vswr of less than 1. 1 at 
500 mc. See paragraph 1-5. 


d. Effect of Parasitics on Voltage Readings - 
At frequencies above 500 megacycles, leads or 


portions of circuits often resonate at frequencies 
two, three or four times the fundamental of the volt- 
age being measured. These harmonics may cause 
serious errors in the meter reading. Owing to the 
resonant rise in the probe circuit at frequencies 
above 1000 megacycles, the meter may be more 
sensitive to the harmonics than to the fundamental. 
To make dependable measurements at these fre- 
quencies, the circuits being measured must be free 
of all parasitics. 


e. Effect of DC Present With AC Signal - 
When measuring small ac voltages, which are 


present at a point along with high dc potential, you 
may obtain a voltage reading which is inerror. This 
is caused by a very small leakage current through 
the blocking capacitor in the tip of the ac probe, and 


might occur when you attempt to measure a 1 volt 
ac signal at the plate of a vacuum tube. 


If this leakage is a problem you should add an ex- 
ternal blocking capacitor ahead of the probe tip. 
A Mylar or polystyrene dielectric capacitor of 0.005 
uf or larger is recommended. The usual paper or 
ceramic capacitor will not have sufficiently high 
leakage resistance to eliminate the problem. 


Factory specifications require that the probe tip 
blocking capacitor have not less than 100, 000 meg- 
ohms resistance, which is the highest value obtain- 
able in a part that meets other requirements. This 
is very high, but still makes a 1000:1 voltage divider 
with the 122 megohms input resistance of the meter 
circuits when on the 1 volt ac range. A 100 volt dc 
potential will be divided down and will present (ap- 
proximately) a 0.1 volt signal to the meter circuit. 
On higher ac ranges, the effect is reduced propor- 
tionately. 


2-9 PULSE MEASUREMENTS 


The 410B is a peak-responding rms calibrated type 
voltmeter and is designed to measure the positive 
peak value of the applied voltage. This property 
allows the @ Model 410B to be used to measure the 
positive voltage amplitude of a pulse, provided the 
reading obtained is multiplied by the following factor: 
tl K 
1.4 (1 ap to te PREF ) 
is the duration of the positive portion 
of the voltage in microseconds, 
t2 is the duration of the negative portion 
of the voltage, 
Kis a factor which is a function of the 
source impedance of the pulse gener- 
ator and of tj, and is found in the 
graph of Figure 2-5. 
is the pulse repetition frequency in 
pulses per second. 


where: t] 


PRF 


In general this equation is applicable where the pulse 
repetition frequency is greater than 500 pulses per 
second and the positive pulse duration is at least 
10 microseconds. For most cases when using high 
pulse repetition rates, the above factor will reduce 
to t | 
1.4 (1 + to ) 


K can be found by use of the curve in 
Figure 2-5 when the impedance of the 
pulse generator R, in kilohms and the 
duration of the positive portion of the 
pulse t] in microseconds are known. 


As an example, suppose: 


tl 
Ro 


10 microseconds, 
2 kilohms and the pulse repetition fre- 
quency is 1000 pulses per second, 
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then R,/ty - 0.2, K = 0.55, and the multiply - 
ing factor would then be 
Dede lit OL Ao 50.50), 
990 1000 


For the case of a 10 microsecond negative pulse 
and a pulse repetition frequency of 1000 pulses per 
second, ty would be 990 microseconds and tg would 
equal 10 microseconds. Thus, Rg/t; would be ap- 
proximately 0, and therefore (from Figure 2-5) K 
would also be approximately 0. The multiplying 
factor would then be 


1.4 (1 + 990/10). 


Hence, it may be seen that in the case of negative 
pulses of short duration much smaller readings will 
be obtained than for an equivalent positive pulse. 
As a result, large multiplying factors must be used 
and unless the pulse voltage is large, these measure- 
ments may be impractical. 
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Figure 2-5. Graph used in Calculation 


of Pulse Voltages 
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2-10 RESISTANCE MEASUREMENT ABOVE 500 
MEGOHMS 


Because of its very high input resistance the Model 
410B, supplemented by an external voltage, can be 
used to measure extremely high resistances. Any 
convenient d-c voltage up to 1000 volts may be used, 
the higher voltages permitting measurement of higher 
resistances. A 45-volt "B" battery extends the 
resistance measurement range to approximately 
250,000 megohms. Resistances as high as several 
million megohms are easily and accurately made 
when the leakage between the test leads is held to 
a minimum by careful placement. The highest re- 
sistance that can be measured is limited by the total 
leakage between the DC test probe and the COMMON 
test probes on the voltmeter. 


The measurement of extremely high resistance is 
accomplished by applying a known d-c voltage to 
the unknown resistance in series with the 410B as 
shown in Figure 2-6. The external voltage is first 
measured with the 410B and recorded. The positive 
side of the external voltage source is then connected 
through unknown resistance to the d-c measurement 
probe, the negative side of the voltage is connected 


to the COMMON lead from the 410B. The voltmeter 
range switch is then adjusted to obtain an upscale 
voltage reading. The meter indicates the voltage 
across the 122 megohm input resistance, which when 
multiplied by the ratio of the applied voltage to the 
measured voltage, minus one, gives the resistance 
of the unknown. The equation for determining an 
unknown resistance for any supply voltage and meter 
reading is given in the following equation. When the 
ratio of E applied to E measured is greater than 
100:1, the minus one may be dropped with no practi- 
cal loss in accuracy. 


E 

bb 
Rx = ( ‘hae = i ) Rin 

m 
Epp = Externally applied battery or power supply 

voltage 

Em = Voltage read on d-c volts scale of voltmeter 
Rm = Input resistance of voltmeter 


(410A = 100 megohms) 
(410B = 122 megohms) 
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Setup for Measuring Extremely High Values of Resistance 


3-1 GENERAL 


The @ Model 410B is designed to measure the ampli- 
tude of a-c and d-c voltages and the values of resist- 
ances. To accomplish these measurements, the 
equipment's circuit is arranged as indicated by the 
block diagram of Figure 3-1. When measuring d-c 
voltages, the voltage to be measured is applied 
through a precision voltage divider to the input of 
a differential d-c amplifier. The output of the ampli- 
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SECTION Ill 
THEORY OF OPERATION 


fier feeds a balanced bridge which has an indicating 
meter connected between the mid-points. The mag- 
nitude of deflection of the meter is thus proportional 
to the amplitude of the d-c voltage applied to the 
input of the differential amplifier. 


When measuring a-c voltages, the voltage to be 
measured is converted to a d-c voltage in a special 
wide-band rectifier circuit. The output of the recti- 
fier is then applied to the d-c voltage-measuring 


METER BRIDGE 


Bo+ 
POWER SUPPLY ae: 
B 


2 


Figure 3-1. Block Diagram of “ Model 410B 
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circuit described above. A deflection of the indi- 
cating meter then occurs in proportion to the ampli- 
tude of the a-c voltage being measured. 


For measuring resistance, a d-c voltage from the 
voltmeter power supply is applied through a large 
resistance to form a constant current source. This 
supplies a circuit consisting of the unknown resistance 
connected in parallel with a known resistance. The 
proportion of the internal voltage that appears across 
the unknown resistance is related to the ratio of the 
unknown to the known resistance. The voltage across 
the unknown resistance is then applied to the input 
of the differential amplifier as before, with the re- 
sult that the magnitude of meter deflection is re- 
lated to the value of the resistance being measured. 


3-2 R-F RECTIFIER 


The circuit used for rectifying a-c signal voltages is 
shown in Figure 3-2. The circuit is a half-wave 
shunt-detector type circuit which operates to charge 
the small input coupling capacitor C1 to the peak 
value of the positive half of the a-c voltage being 
measured. To smooth the rectified a-c voltage for 
application to the differential amplifier, a large re- 
sistor (22 megohms) and capacitors C2 and C3 are 
connected across the output of the rectifier. The 
voltage across the capacitors rises to the peak value 
of the rectified wave and is applied through the pre- 
cision voltage divider to the d-c amplifier. 


Since the voltmeter is designed to be capable of 
measuring high frequencies, the rectifier circuit 
is built in the form of a probe so that it can be physi- 
cally placed close to the point of measurement. The 
probe connects to the voltmeter proper through a 
flexible cable. 


This arrangement permits short lead lengths for 
the actual a-c portion of the measuring circuit so 
that residual inductances will be minimized. 


A cutaway view of the a-c probe showing the input 
blocking capacitor, rectifier diode, and RC filter 
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Figure 3-2. Schematic Diagram of AC Probe 


is shown in Figure 3-3. The input capacitor is 
molded in a removable probe tip for applications 
where even the small lead length of the tip should 
be minimized. The diode is specially designed to 
have plane rather than circular geometry. This 
type of construction has been used in order to re- 
duce the physical length of the diode and to achieve 
a diode having extremely low anode-cathode capacity. 
The construction is such that the probe has an input 
capacity of only about 1.5 mmf, about 1.3 of which 
is the anode-cathode capacity of the diode. To 
achieve short transit time for the diode, the anode- 
cathode spacing has been maintained at only .003 
inch. Reliable r-f grounding of the diode cathode 
is obtained by use of a large area contact ring in the 
Special socket for the diode. Figure 3-4 shows a 
line drawing of the probe diode. 


The capacity in the RC filter is divided into two 
parts. A small 500 mmf capacitor, C2, is built into 
the probe near the base of the diode. At high fre- 
quencies this capacitor in combination with the 22- 
megohm filter resistor gives sufficient filtering so 
that the inductance of the flexible cable is of no 
consequence, For lower frequency filtering, Capa- 


citor C3, is connected at the end of the cable inside 
the multimeter housing, 


Figure 3-3. Cutaway View of High-Frequency Probe 


CATHODE 


Figure 3-4. Actual Size Drawing of 
High-Frequency Diode 


The probe is constructed from molded polystyrene 
to offer a low dielectric loss which, together with 
the low input capacity, makes the probe a high im- 
pedance device. The input impedance of the probe 
as a function of frequency is given in Figure 2-4, 


The flexible cable connecting the probe to the volt- 
meter is a double-shielded single conductor cable. 
The outside shield carries a-c power for the diode 
heater; the inner lead carries the d-c voltage from 
the RC filter to the voltmeter. Ground return is 
made through the inner shield. 


3-3 RANGE EXTENDING RESISTORS 


To extend the voltage range over which both a-c and 
d-c measurements can be made, a precision volt- 
age divider is connected to the input of the d-c ampli- 
fier. The taps on the divider are arranged so that 
the input to the amplifier does not exceed approxi- 
mately .85 volt for a full-scale reading on d-c volt- 
age measurements. On a-c measurements approxi- 
mately 1.17 volts is applied to the amplifier for a 
full-scale reading. This increased voltage on a-c 
measurements is compensated by resistors in series 
with the indicating meter, as described later. 


The precision voltage divider is made up of high- 
stability deposited carbon type resistors mounted 
on a Seven-position rotary switch which serves as 
the range switch for the instrument. 


3-4 DC AMPLIFIER 


The taps on the precision voltage divider connect 
through the range switch to one input of the differ- 
ential voltage amplifier. The amplifier consists of 
the two halves of a 12AU7 twin triode. The principle 
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purpose of this amplifier is to Serve as an impedance 
transformer between the 100-megohm impedance 
level in the range switch and the meter circuits. 
To achieve a high input impedance for the amplifier, 
it is operated without a grid resistor other than the 
100-megohm voltage divider and at a low plate cur- 
rent in the order of a couple of microampers. Gas 
current effects in the high grid impedance are mini- 
mized by operating the amplifier tubes at a reduced 
heater voltage and a low plate voltage (approximately 
20 volts). Very large cathode resistances are used 
to enhance the stability of the amplifier. 


For a-c measurements the second or "balance" in- 
put to the differential amplifier is connected to a 
source of small d-c voltage in the power supply cir- 
cuit. This arrangement is designed to compensate 
the voltmeter for "emission voltages" that occur 
in the probe diode. Because of the high thermal 
level of the probe diode cathode, electrons are emit- 
ted by the cathode even though no signal voltage is 
applied to the diode anode. Some of these electrons 
travel to the anode, giving it a net negative potential 
of approximately 1 volt, which will mask small sig- 
nal voltages applied to the diode. 


To compensate for this effect, the d-c voltage ap- 
plied to the second input of the d-c amplifier is ad- 
justed to be equal to the emission voltage of the 
diode. A voltage divider in the balance channel di- 
vides the compensating voltage in the same propor- 
tion as the input range switch divides the emission 
voltage so that the amplifier will always be compen- 
sated when the a-c probe is connected. The AC zero 
set control on the front panel adjusts the compen- 
sating voltage to exactly balance the voltage produced 
by the diode thereby bringing the meter to zero. 


For d-c measurements the second input to the differ- 
ential amplifier is grounded and serves only to supply 
a d-c level to balance the bridge. 


3-5 METER CIRCUIT 


The double-ended output of the differential ampli- 
fier is applied to a bridge circuit across which is 
connected the indicating meter, as illustrated by 
the diagram in Figure 3-5. Two arms of the bridge 
are triode tubes whose grids are connected to the 
two sides of the differential amplifier. With no volt- 
age being measured, the two triodes have equal grid 
potentials and the bridge is in a balanced state. The 
front panel ZERO SET control R19a, a potentiometer 
located between the two legs of the bridge and the 
d-c supply voltage, establishes the exact electrical 
balance of the bridge for all types of operation. 
Potentiometer R32 is connected in series with the 
meter to adjust the sensitivity of the meter circuit 
to the precise required value. 
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Figure 3-5, 


To permit measurement of either positive or negative 
d-c voltages without reversal of the test leads the 
SELECTOR switch reverses the meter within the 
bridge so that an up-scale reading is obtained with 
either polarity. 


For a-c measurements the range switch of the volt- 
meter connects in series with the meter additional 
current-reducing resistors (R35 through R40) to 
reduce the meter current by approximately 30% so 
that the same meter scale can be used for the a-c 


+150 VDC 
UNREGULATED 


—150 VOC 
UNREGULATED 


V3B 
"> |2AUT 


+150 VDC 
UNREGULATED 


Basic DC Amplifier Circuit 


and d-c ranges. For the one and three volt a-c 
ranges, however, it is necessary to use special 
meter scales because the probe diode operation at 
low voltages is non-linear. 


For resistance measurements the SELECTOR switch 
connects the meter in series with the front panel 
OHMS ADJ. control which adjusts the sensitivity 
of the meter to obtain a precise full-scale indication 
before making a measurement. 


3-6 RESISTANCE MEASUREMENT 


When the multimeter is to be used to measure re- 
sistance, the range switch connects an additional 
set of precision resistors to the input of the d-c 
amplifier as shown in the block diagram in Figure 
3-1. A small, stable voltage of about 1.2 volts is 
taken from the regulated power supply and applied 
through a precision resistance to the input of the 
d-c amplifier thereby causing full-scale deflection 
of the meter. The resistance to be measured is 
then connected between the input of the d-c ampli- 
fier and ground. This resistance thus completes a 
voltage divider and reduces the voltage applied to the 
amplifier, bringing the meter reading down-scale. 
The range switch of the multimeter connects ap- 
propriate values of precision resistors into the 
ohmmeter circuit to extend the resistance-measur- 
ing range. (On the RX1 range the necessary volt- 
age comes from a small selenium rectifier which 
is not regulated. ) 


3-7 POWER SUPPLY 


The power supply circuit includes a full-wave recti- 
fier with an RC filter at the output ofthe rectifier, An 
OB2 105-volt regulator tube provides regulated d-c 


Sect. III Page 5 


voltage for operation of the differential d-c ampli- 
fier, ohmmeter circuits, and diode compensating 
circuits. D-c power for operating the bridge is ob- 
tained directly from the rectified output of the power 
supply. A regulated heater voltage of 5 volts a-c 
is also provided for the probe diode, regulation being 
obtained through the use of the constant current bal- 
last tube V6, Potentiometer R50 shunting the diode 
heater is used to adjust the voltage across the heater 
to 5 volts. A small resistor is connected in series 
with the heater of V2 to operate this heater on ap- 
proximately 4-1/2 volts. The heater winding also 
supplies a voltage which is rectified by a metallic 
rectifier for the RX1 resistance OHMS range only. 
This voltage is adjusted to approximately 1.2 volt 
by R49 to obtain full-scale deflection on the RX1 
range consistent with that on the RX10 range, when 
the line voltage is at 115 volts. 


The power transformer for the multimeter is equipped 
with two primary windings so that the instrument may 
be connected for operation on either 115 or 230 volt 
power. The windings are connected in parallel for 
use with 115 volts, and in series for 230 volts. For 
proper phasing of the windings the terminals on the 
transformer are numbered and wired as shown on 
the schematic diagram for the multimeter. 


4-1 INTRODUCTORY 


No routine maintenance procedures are required 
for the # Model 410B. When replacing any of the 
tubes in the equipment, however, it is desirable to 
check the accuracy of the multimeter. To do this 
it is necessary to have a precision d-c voltmeter 
and a precision a-c voltmeter, preferably of the 
dynamometer type. The accuracy of these instru- 
ments should be within 1-2%, because the basic ac- 
curacy of the 410B is within 3%. The procedure to 
follow in checking and adjusting the calibration of 
the instrument are described in paragraphs 4-4 and 
4-5, 


If a tube failure occurs after an extended period of use 
such as 1000 hours of operating time, it is desirable 
to replace all tubes at that time, to avoid need for 
more frequent recalibration than necessary. 


A trouble-shooting chart listing possible operating 
troubles is included at the end of this section (para- 
graph 4-7). 


4-2 TUBE REPLACEMENT 


REPLACING V1 - 

When replacing probe diode V1, some change in a-c 
voltage-measuring accuracy may occur on the lower 
three a-c measuring ranges of the instrument. In 
a typical case these changes will be less than 2%. 
With some diodes the changes can be greater than 
this, however, so it is desirable to recheck cali- 
bration accuracy. 


The quality of the individual replacement diode will 
also effect the high frequency accuracy of the in- 
strument. However, specialized equipment is neces- 
sary for checking the high frequency accuracy. If 
high frequency errors are suspected with a new diode 
installed, it is recommended that another replacement 
diode be tried. 


The heater voltage should be checked when probe 
diode V1 is replaced. Accurate setting of this volt- 
age is necessary to insure proper operation andmax- 
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SECTION IV 
MAINTENANCE 


imum life of the probe diode. 
voltage of probe diode V1: 


To check the heater 


1) Remove back cover from the instrument by 
pushing down the button at the top rear of cabinet 
and slide the back cover off, 


2) Remove two retaining screws from instrument 
rear and slide instrument chassis forward out of 
cabinet. 


3) Connect 410B to variable power transformer, 
set line voltage to 115 volts (or 230 volts) and turn 
410B on. 


4) Connect an ac voltmeter such as ¢)Model 400D/ 
H/L or Model 403A, between pin 7 of V6 (ballast 
tube) and chassis ground. If necessary, adjust R50 
to obtain 5,0 volts rms, 


REPLACEMENT OF V2 AND V3 - 
When V2 or V3 are replaced, five checks should be 


made: 
1. Amplifier balance with line voltage at 115 volts. 


2. Microphonics: stability of the zero adjustment 
when the tubes are jarred. 


3. Amplifier balance with line voltage change from 
103 to 127 volts. 


4. GasinVv2. 


5. Voltage calibration. 


NOTE 


The following instructions describe a procedure 
which will provide optimum instrument performance 
over a wide range of line voltages. It is based on 
the procedure used at the factory. If such perform- 
ance is not needed, the care in selection of tubes 
can be reduced considerably. 
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Figure 4-1. 


The following steps should be performed in the order 
given. If a tube fails to pass any test, it must be re- 
placed and all tests repeated again in the proper 
order. 


To obtain maximum range of adjustment of the ZERO 
SET control it is necessary that the four triode sec- 
tions of the two 12AU7 tubes be similar in plate cur- 
rent characteristics. It is possible to have a com- 
bination of tubes which will have very little zero 
adjustment range on, say, (+) DC VOLTS and an 
excessive amount on (-) DC VOLTS. This is caused 
by non-uniformity between tubes. These character- 
istics also change considerably in the first 50 hours 
of tube operation. 


A suggested method for determining if individual 
tubes are reasonably balanced is to first remove 


LO-L-1078 


Test Probe Assembly, Including Exploded View of AC Probe 


V2. With V3 only in its socket, check the ZERO 
ADJUST range on both (+) DC and (-) DC. Ideally, 
it should be the same in both positions of the FUNC- 
TION switch. Select several tubes which are as 
nearly balanced as possible, by trying them in the 
V3 socket. Use the tube which has the best balance 
for V2 and the next best for V3. To insure the best 
margin of zero adjustment, the tubes should be se- 
lected to allow the ZERO ADJUST control to move 
the meter pointer at least 1/3 of the way up scale 
both with (+) and (-) DC VOLTS positions of the 
FUNCTION switch, when both tubes are in their 
sockets. Next, check for microphonics by first 
accurately setting the ZERO ADJUST to zero the 
meter and then tap V2 and V3. If the meter zero 
irratically changes position, one or both of the tubes 
have loose elements, which allow the static plate 
current to change value when jarred. Generally, 


V2 is the most sensitive and should be suspected 
first. If the elements in V3 are very loose, it will 
cause the same indication. The defective tube or 
tubes should be replaced with ones which are of 
more sound construction. The balance test must 
be again repeated as described above. 


To insure that the cathode emission is ample, the 
line voltage should be set to 115 volts. Allow the 
instrument to heat run for at least 5 minutes. Zero 
set the meter. Reduce the line voltage to 103 volts 
for a period of at least 1 minute. If the tubes have 
good cathode emission characteristics, the meter 
zero will not drift more than approximately 5%. If 
the zero drifts down scale to the left, the amount of 
drift can be measured from changing the position 
of the FUNCTION switch to the opposite polarity: 
(+) to (-) or vice versa, depending on the original 
position, so an up scale reading is obtained. 


If the drift is not excessive, return the line voltage 
to 115 volts and reset the meter zero. After the 
tubes have stabilized at 115 volts, raise the line 
voltage to 127 volts and repeat the drift check. Again 
the drift should be less than 5%. If not, try another 
tube or tubes. V2 should be replaced first and then 
V3. All previous steps should be repeated first. 


To check for a gassy V2, first accurately zero set 
the meter. Check the accuracy of the setting by 
switching the FUNCTION switch from (+) to (-) and 
back, If the setting is perfect, the meter pointer will 
not move. Feed in a d-c voltage of exactly 1.0 volt. 
(To facilitate this test the voltage should be fed 
through a dpdt switch so that the polarity can be 
quickly switched. If this is not done, it is very dif- 
ficult to determine by eye if the two readings are 
the same within 1%). 


If V2 is gassy, a certain error exists on the 1 volt 
range due to the gas current flowing through the 
100 megohm resistive divider. Since the basic ampli- 
fier gain is set with the FUNCTION switch set to 
(+), this error is compensated for when the gain is 
set. When the polarity is reversed, however, the 
grid is biased negatively by the measured voltage 
and the value of the gas current changes somewhat. 
This results in a different reading. 


A second method of checking for gas current is, to 
first accurately set the meter zero as described 
above. The RANGE SWITCH should be on the 1 VOLT 
DC range. Rotate the RANGE SWITCH to 300 VOLTS. 
If the input tube V2 is gassy, the zero will shift when 
the RANGE SWITCH is rotated. The grid impedance 
to ground is 100 megohms on the 1 VOLT range and 
approximately 300,000 ohms, on the 300 volt range 
(neglecting a fixed 5.6 megohm resistor). The effects 
of the gas current are thus reduced as the RANGE 
SWITCH is advanced to a higher range, which in turn 
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causes the meter zero setting to change. NOTE: 
The effects of this test should not be confused with 
those of microphonic tubes. The Microphonic tube 
test must have been passed first. 


Final voltage calibration should be made after tubes 
have been installed which pass all the above checks. 
Since the gain characteristics change somewhat dur- 
ing the first fifty hours of operation, it is desirable 
to heat run the instrument for at least this long before 
a final calibration is made. The calibration procedure 
to be followed after replacement of V2 or V3 is des- 
cribed in paragraph 4-4, 


4-3 REPLACEMENT OF BALLAST TUBE V6 


Failure of V6 is usually caused by overloading due 
to shorts. For this reason, before installing a new 
ballast tube, it is recommended that the resistance 
between pin 7 of V6 and ground be checked with V6 
removed from socket, The resistance will initially 
read 2 to 3 ohms and slowly increase. If the reading 
does not increase to above 4 ohms, there may be a 
short. If the resistance increases to over 4 ohms, 
it is ordinarily safe to install the new ballast tube. 


After installing the new ballast tube, measure the 
heater voltage of probe diode V1 (see para. 4-2), 


4-4 BASIC VOLTAGE CALIBRATION 


Before attempting to adjust either the a-c calibration 
accuracy or the ohmmeter calibration accuracy, it 
is necessary that the calibration of the d-c measur- 
ing circuits be accurate. Checking the d-c calibra- 
tion accuracy is also recommended after replacing 
V2 or V3. The procedure is as follows: 


a. Connect multimeter to a 115-volt power source 

and allow to heat for at least 15 minutes. It is 
desirable that the line voltage be accurately adjusted 
to 115 volts or to the predominating line voltage 
value if that value is somewhat less or more than 
115 volts. The power transformer in the equipment 
is also designed to accommodate 230 volt lines; if 
the equipment is operated from 230 volt lines, the 
above information should be modified accordingly. 


b. Remove the back cover from the instrument. 
To remove the cover push down the button at 
the top rear of the cabinet and slide back cover off. 
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c. Zero set the instrument with the RANGE switch 

set to the 1 volt range and the SELECTOR switch 
set to the + and - positions as described in paragraph 
2-5. 


d. Set SELECTOR switch to +. 
remain at 1 volt. 


Range switch should 


e. Apply exactly 1 volt d-c to the d-c test leads. 

This 1 volt value can be obtained using a bat- 
tery and potentiometer arrangement. The voltage 
applied to the voltmeter should be monitored and 
adjusted using the precision d-c meter described 
earlier. With exactly 1 volt applied to the multi- 
meter the meter pointer should indicate an exact 
full-scale reading on the uppermost scale. If neces- 
sary, adjust R32 through the back of the instrument 
to make the meter read exactly full-scale. R32 is 
identified in Figure 4-2 and by appropriate markings 
on the back of the instrument. 


f. The calibration of the remaining d-c ranges 

should now be checked insofar as the external 
precision meter and d-c source will permit. No 
adjustment circuits are provided, however, for the 
remaining d-c ranges. The accuracy of these ranges 
is determined by the values of the precision range 
switch resistors R3 through R9. A gross inaccuracy 
in any of the remaining d-c ranges indicates an in- 
correct range resistor or resistors. 


g. Check a-c calibration accuracy as described 
below. 


4-5 AC VOLTAGE CALIBRATION 


The accuracy of the a-c voltage ranges of the multi- 
meter should be checked after the probe diode V1 
has been replaced. Before checking the a-c ranges, 
it is desirable to adjust the basic d-c voltage cali- 
bration as described above in paragraph 4-4. The 
procedure for checking and adjusting the a-c cali- 
bration is as follows: 


a. Adjust line voltage as described in step a. of 
paragraph 4-4 above; remove back cover as 
described in step b. of the same paragraph. 


b. Set SELECTOR switch to a-c and RANGE switch 
to 1 volt position. Allow equipment to heat for 
at least 15 minutes with these switch settings. 


c. Set the FUNCTION switch to (+) DC and set the 

meter zero. Check by switching from (+) to (-) 
and back. There should be no shift. Set the FUNC- 
TION switch to AC. Zero set a-c circuit with the 
AC ZERO control. (The RANGE switch still at the 
1 volt position. ) 


d. Apply to the a-c probe a voltage of exactly 1 

volt rms. This voltage should have an accurate, 
undistorted sine waveform. The frequency of this 
voltage should preferably be 100 cps or higher if 
permitted by the frequency characteristic of the 
dynamometer voltmeter. A good voltage source 
for this purpose is an accurate audio oscillator such 
as the () Model 200AB, 205AG, etc. To determine 
that the voltage applied to the probe is accurate, 
it should be monitored by the precision dynamometer 
type voltmeter. 


e. With exactly 1 volt rms applied to the probe, 

the voltmeter should indicate exactly full-scale 
on the 1 volt a-c (red) meter scale. If not, adjust 
R35 (available through back of instrument). 


f. Set the RANGE selector to the 3-volt range. 

Increase voltage applied to probe to exactly 
3 volts rms. Adjust potentiometer R39 to obtain 
accurate full-scale reading on the 3 volt a-c (red) 
meter scale. 


g. Calibrate the remaining a-c ranges, reading 
the 1 and 3 volt d-c (black) scales of the meter. 
The following chart shows the adjusting potentiom- 


eters for each of the a-c ranges. 
RANGE Calibrating Adjustment 
Switch Setting Voltage Resistor 


1V RMS 
3V RMS 
10V RMS 
30V RMS 


100V RMS 
300V RMS 


4-6 OHMMETER ADJUSTMENTS 


No internal adjustments are provided for the ohm- 
meter circuits other than for the full-scale setting 
of the RX1 range. The full-scale setting of the RX1 
range may begin to differ from that of the other 
ranges as Selenium rectifier CRl ages. (Assuming 
the line voltage is the same value as when R49 was 
originally set.) To adjust the full-scale setting of 
the RX1 range to be equal to the full-scale setting 
of the other ranges, proceed as follows: 


a. Connect multimeter to power line and allow to 

warm up. Normally the multimeter should be 
operated from 115 volts; however, if it is to be oper- 
ated at line voltages substantially higher or lower 
than 115 volts the adjustment may be made at the 
expected line voltage. 


Zero set the instrument as described in para- e. 


graph 2-3. 


Set RANGE switch to RX10 range and adjust 
OHM ADJ. for exact full-scale meter reading. 


Set RANGE switch to RX1 range, 


4-7 TROUBLE SHOOTING CHART 


Table 4-1. 


SYMPTOM CAUSE OF TROUBLE 


AC power cord plugged in, in- 
strument turned on, pilot light 
does not light and no readings 
obtained. 


No readings obtainable, no zero 
adjustment, pilot lamp lights. 


Zero set drift or zero set not 
possible. 


No a-c readings, d-c readings 
normal. 


A-c zero set drifts or inaccurate 
a-c readings only on all ranges. 


A-c zero Set not possible. 


Inaccurate d-c and a-c readings. 


Erroneous resistance readings 
following use of OHMS probe on 
high d-c voltage. 
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If meter pointer does not read exactly full-scale 


(©), remove back panel from multimeter case 
and adjust R49 as necessary. 


The accuracy of the RX1 range is not affected if the 
full-scale (~) is not the same for RX1 and RX10 


and above, since the OHMS ADJ. control should 
be adjusted to bring the pointer to (~) before mea- 
surements are made. 


Trouble Shooting Chart 


Defective power cord, plug, or 
receptacle. 
Fuse (F1) blown. 


Defective a-c Switch. 


Defective tubes V2, V3 or V5. 


Defective tubes V2 and V3. 


Probe cap loose, defective V1 
or V6. 


Defective Vl. 


Outside shield of a-c probe cable 
shorted to ground. 


Defective V2 or V3, defective 
range resistor (R3 through R9), 
misadjustment of R32. 


Burned resistors R10 through 
R13. 


REMEDY AND CHECKS 


Check power source and con- 
nections, 


Check fuse (F1) and rectifier 
tube V5. 


Check power switch continuity. 


Check V2, V3, and V5, if neces- 
sary, replace and recalibrate, 
see paragraph 4-2. 


Check tubes V2 and V3, replace 
and recalibrate, see paragraph 
4-2, 


Tighten probe cap. Check V1 
for operation. 


Replace V1 and recalibrate as 
instructed in paragraph 4-3. 


Check cable and repair short. 


Check V2 and V3 or R3 through 
R9, readjust R32 as instructed 
in paragraph 4-4, 


Check resistors R10 through 
R13 and if necessary, replace 
burned resistor. 
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Figure 4-2. Rear View of Model 410B Chassis Removed from Instrument Case 


Sect.IV Page 7 


clio 


R22 


R2\ 


$2 
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SECTION V 
TABLE OF REPLACEABLE PARTS 


NOTE— 


Standard components have been used in this instrument, 
whenever possible. Special components may be obtained 
from your local Hewlett-Packard representative or from 


tive mhac Lory. 


When ordering parts always include: 
1. @ Stock Number. 


2. Complete description of part including circuit 
Piecer eC Mcier 


3. Model number and serial number of instrument. 


4. If part is not listed, give complete description, 
function and location of part. 


Corrections to the Table of Replaceable Parts are listed 


on an Instruction Manual Change sheet at the front of this 


manual. 


RECOMMENDED SPARE PARTS LIST 


Column RS in the Table lists the recommended spare parts 
quantities to maintain one instrument for one year of iso- 
latedaservicCcm_Ordernscomplete spare parts kits from the 


Factory Parts Sales Department. ALWAYS MENTION THE 


MODEL AND SERIAL NUMBERS OF INSTRUMENTS INVOLVED. 


12-1-59 
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TABLE OF REPLACEABLE PARTS 


aes? @® STOCK 
DESCRIPTION, MFR. * &MFR. DESIGNATION NO. TORS 


Capacitors: part of AC probe 


Capacitor: fixed, mica 0140-0017 
4700 pf, 500 vdcw ve 


Capacitor: fixed, ceramic 0150-0014 
005 pf, 500 vdew K* 


Capacitor: fixed, electrolytic, 0180-0055 
4 pf, 450 vdcw CE* 


Rectifier, metallic Federal Tel & Radio 1880-0005 


Fuse, cartridge: 0.6 amp, slow blow, 2100-0016 
for 115V operation Le 


Fuse, cartridge: 1/4 amp, slow blow, 2100-0018 
for 230V operation E* 


Lamp, incandescent: 6-8V 2140-0009 
.15 amp, #47 N* 


Meter HP* 1120-0009 


Power cord Elec. Cords Co. 8120-0050 


Resistor: fixed, composition, 0690-2261 
22 megohms, +10%, 1 W B* 
part of Cable Assembly, 

DC probe 


Same as R1 (part of AC probe) 


Resistor: fixed, deposited carbon, 0730-0079 
216,300 ohms, +1%, 1 W 


Resistor: fixed, deposited carbon 0730-0096 
683, 700 ohms, +1%, 1W 


Resistor: fixed deposited carbon, 0730-0113 
2.163 megohms, +1%, 1W 


Resistor: fixed, deposited carbon, 0730-0130 
6.837 megohms, +1%, 1W HP* 


* See "List of Manufacturers Code Letters For Replaceable Parts Table". 


TQ -Total quantity used in the instrument. 
RS -Recommended spares for one year isolated service for one instrument. 


TABLE OF REPLACEABLE PARTS 


Resistor: fixed, deposited carbon 
21.63 megohms, +1%, 2W 


Resistor: fixed, deposited carbon, 
46.74 megohms, +1%, 2 W 


Resistor: fixed, deposited carbon, 
100 ohms, +1%, 1/2 W 


Resistor: fixed, deposited carbon, 
900 ohms, +1%, 1/2 W 


Resistor: fixed, deposited carbon, 
9000 ohms, +1%, 1/2 W 


Resistor: fixed, deposited carbon, 
90,000 ohms, +1%, 1/2 W 


Resistor: fixed, deposited carbon, 
683, 700 ohms, +1%, 1/2 W 


Resistor: fixed, deposited carbon, 
216, 300 ohms, +1%, 1/2 W 


Resistor: fixed, composition, 
68,000 ohms, +10%, 1/2 W 


Resistor: fixed, composition, 
22,000 ohms, +10%, 1/2 W 


Resistor: fixed, composition, 
10,000 ohms, +10%, 1/2 W 


Resistor: variable, wirewound, 
2 sections, front: 100 ohms, 
rear: 200 ohms 


Resistor: fixed, composition, 
3.9 megohms, +5%, 1W 


Resistor: fixed, composition, 
500, 000 ohms, +1% 1/2 W NN* 


Resistor: fixed, composition, 
13 megohms, +5%, 1W 


This circuit reference 
not assigned 


CIRCUIT @® STOCK 
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. TQ 


0733-0005 


0733-0011 


0727-0043 


0727-0095 


0727-0152 


0727-0203 


0727-0251 


0727-0223. 


0687-6831 


0687-2231 


0687-1031 


2100-0050 


0689-3955 


0727-0244 


0689-1365 


* See ' List of Manufacturers Code Letters For Replaceable Parts Table". 
TQ - Total quantity used in the instrument. 
RS ~ Recommended spares for one year isolated service for one instrument, 
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TABLE OF REPLACEABLE PARTS 


CIRCUIT @® STOCK 
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO. TQ 


R25 Same as R20 
R26 Resistor: fixed, composition, 0689-6815 
680 ohms, +5%, 1W B* 
R27 Resistor: fixed, composition, 0689-2715 
270 ohms, +5%, 1W Bt 
| R28 Resistor: fixed, composition, 0687-5651 
5.6 megohms, +10%, 1/2 W B* 
R29 Same as R27 
R30 Same as R26 
R31 Resistor: variable, composition, linear taper, | 2100-0036 
1000 ohms +20%, 1/2 W G* 
R32 Resistor: variable,composition, linear taper, | 2100-0185 
500 ohms +30%, 1/4 W BOo* 
R33 Resistor: fixed, composition, 0693-6821 
6800 ohms, +10%, 2 W Bt 
R34 Resistor: fixed, composition, 0693-103% 
10,000 ohms, +10%, 2W Bs 
R35 Same as R32 
R36, 37, Resistor: variable, wirewound, 2100-0206 
38 50 ohms, +10%, 1 W Mel-Rain Corp. 
R39, 40 Same as R32 
R41 Resistor: fixed, composition, 0693-4721 
4700 ohms, +10%, 2W B* 
R42 Resistor: fixed, composition, 0690-1011 
100 ohms, +10%, 1W B* 
R43 Resistor: fixed, composition, 0690-2721 
2700 ohms, +10%, 1W B* 
R44 Resistor: fixed, composition, 0690-2221 
2200 ohms, +10%, 1W B* 
R45, 46 Resistor: fixed, wirewound, 0816-0006 
5000 ohms, +10%, 10W S* 


* See "List of Manufacturers Code Letters For Replaceable Parts Table". 
TQ -~ Total quantity used in the instrument. 
RS- Recommended spares for one year isolated service for one instrument, 
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TABLE OF REPLACEABLE PARTS 


CIRCUIT @® STOCK 
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION NO. TOSNRS 


Resistor: fixed, wirewound, 410B-26 
12 ohms 
Resistor: fixed, composition, 0693-3301 
33 ohms, +10%, 2W B* 
Resistor: variable, wirewound, 2100-0035 
25 ohms, +10%, 3WPrecision Parts Co. 
Resistor: fixed, composition, 0690-1001 
10 ohms, +10%, 1W 
Resistor: fixed, composition, 0690-1801 
18 ohms, +10%, 1W 
Resistor: fixed, composition, 0690-3301 
33 ohms, +10%, 1W 
Resistor: fixed, composition 0690-3311 
330 ohms, +10%, 1W 
Selector Switch Assembly 410B-19A 
Switch, rotary: less components 3100-0065 
Switch, power: rear section of 3130-0030 
selector switch 
Range Switch Assembly 410B-19 
Transformer, power 910-73 
Tube, electron: 2-01C 212~-2-01C 
Tube, electron: 12AU7 el Bey 
Tubes selected for best performance will be 
supplied by @(if ordered by @Stock No.), 
but tubes meeting EIA standards will normally 
result in the instrument operating within speci- 
fications. 
Tube, electron: OB2 ZZ* | 1940-0007 
Tube, electron: 6X4 ZZ * | 1930-0016 
Tube, ballast: #6-4 C* | 0852-0003 


* See "List of Manufacturers Code Letters For Replaceable Parts Table". 
) TQ- Total quantity used in the instrument. 
RS- Recommended spares for one year isolated service for one instrument. 
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TABLE OF REPLACEABLE PARTS 


MISCELLANEOUS 


Connector board: male 410B-76M 


Holder, fuse: 140-16 


Indicator Lamp Assembly 145-2 
Knob: engraved AC G-74AC 
Knob: SELECTOR, RANGE G-74N 
Knob: ZERO ADJ. G-74J 
Knob: OHMS ADJ. G-74C 
The numbers shown in the circuit reference 

column identify the following parts on the 

Complete Probe Assembly drawing. 

Assembly, Test lead, includes AC probe 

(less diode) DC probe, Ohms probe, 

Common Lead, female connector board 


and shield 410B-21- 
95A 


Assembly, AC probe (less diode) with cable 410B-21- 
HP* 95B 


Assembly, DC probe with cable HP*| 410B-21- 
95C 


Assembly, Ohms probe with cable 410B-21- 
95D 


Assembly, Common Lead 410B-21- 
95E 


NOTE: The numbers shown in the circuit 

reference column identify the following parts 

shown in Figure 4-1. 

Jumper, ground, for AC probe HP* | 410B-21J3 
Clip, ground, for AC probe HP* | 410B-21H 
Probe head HP* | 410B-21D 


Sleeve, for AC probe HP* | 410B-21E 


* See "List of Manufacturers Code Letters For Replaceable Parts Table". 
TQ - Total quantity used in the instrument. 
RS - Recommended spares for one year isolated service for one instrument. 


Sect. V Page 7 


TABLE OF REPLACEABLE PARTS 


CIRCUIT @ STOCK 
REF. DESCRIPTION, MFR. * & MFR. DESIGNATION NO. TQ | RS 


2220-0001 


Screw, Machine, Fillister Head, 
No. 4-40 x 3/16 in. 


Assembly, probe contact, for AC Probe HP* | 410B-21C 


Tip, for probe diode HP* | 410B-21N 


410B-21B- 
3A 


Spring, contact 


Tube, electron (see V1) 


Assembly, socket, for probe diode 410B-21B 


Clip, alligator 1400-0046 


Cable, black, 48 in. 


8160-0001 


1490-0013 


Needle, phono 


16,17,19 | Body, DC probe 410B-21L 


18 Resistor: fixed, composition, (see R1) 


20 Nut 410B-21K 


8120-0003 


21 Cable, coaxial, 48 in. 


22 Same as 15 


23, 24, 25 Body, Ohms probe HP* | 1490-0011 


26 8160-0002 


Cable, red, 48 in. 


27 Nut, No. 4-40 x 3/16 in. HP* | 2340-0001 


28 Washer, lock, No. 4, 1/16 in. HP* | 2190-0003 


29 Washer, fiber, extruded 3050-0005 


410B-76F 


Connector, female board 


410B-55 


Shield, test lead terminal board 


Screw, Machine, Round head, 2360-0015 


No. 6-32 x 1-1/8 in. HP* 


Screw, Machine, Fillister Head, 
No. 4-40 x 3/4 in. HP* 


2220-0006 


Washer, flat, steel, No. 6 3050-0016 


* See "List of Manufacturers Code Letters For Replaceable Parts Table". 
TQ - Total quantity used in the instrument. 
RS - Recommended spares for one year isolated service for one instrument. 
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LIST OF CODE LETTERS USED IN TABLE OF REPLACEABLE PARTS 


MANUFACTURER 


Aerovox Corp. 
Allen-Bradley Co. 
Amperite Co. 

Arrow, Hart & Hegeman 
Bussman Manufacturing Co. 
Carborundum Co. 
Centralab 

Cinch-Jones Mfg. Co. 
Hewlett-Packard Co. 
Clarostat Mfg. Co. 
Cornell Dubilier Elec. Co. 
Hi-Q Division of Aerovox 
Erie Resistor Corp. 


Fed. Telephone & Radio Corp. 


General Electric Co. 


General Electric Supply Corp. 


Girard-Hopkins 
Industrial Products Co. 
International Resistance Co. 
Lectrohm Inc. 

Littlefuse Inc. 

Maguire Industries Inc. 
Micamold Radio Corp. 
Oak Manufacturing Co. 
P. R. Mallory Co., Inc. 
Radio Corp. of America 
Sangamo Electric Co. 
Sarkes Tarzian 

Signal Indicator Co. 
Sprague Electric Co. 
Stackpole Carbon Co. 


Sylvania Electric Products Co. 


Western Electric Co. 
Wilkor Products, Inc. 
Amphenol 

Dial Light Co. of America 
Leecraft Manufacturing Co. 
Switchcraft, Inc. 

Gremar Manufacturing Co. 
Carad Corp. 

Electra Manufacturing Co. 
Acro Manufacturing Co. 
Alliance Manufacturing Co. 
Arco Electronics, Inc. 
Astron Corp. 

Axel Brothers Inc. 

Belden Manufacturing Co. 
Bird Electronics Corp. 
Barber Colman Co. 

Bud Radio Inc. 

Allen D. Cardwell Mfg. Co. 
Cinema Engineering Co. 
Any brand tube meeting 
RETMA standards. 

Corning Glass Works 

Dale Products, Inc. 

The Drake Mfg. Co. 

Elco Corp. 

Hugh H. Eby Co. 

Thomas A. Edison, Inc. 
Fansteel Metallurgical Corp. 


General Ceramics & Steatite Corp. 


The Gudeman Co. 


ADDRESS 


New Bedford, Mass. 
Milwaukee 4, Wis. 
New York, N. Y. 
Hartford, Conn. 

St. Louis, Mo. 
Niagara Falls, N. Y. 
Milwaukee |, Wis. 
Chicago 24, Ill. 
Palo Alto, Calif. 
Dover, N. H. 

South Plainfield, N. J. 
Olean, N. Y. 

Erie 6, Pa. 

Clifton, N. J. 
Schenectady 5, N. Y. 
San Francisco, Calif. 
Oakland, Calif. 
Danbury, Conn. 
Philadelphia 8, Pa. 
Chicago 20, Ill. 

Des Plaines, Ill. 
Greenwich, Conn. 
Brooklyn 37, N. Y. 
Chicago 10, Ill. 
Indianapolis, Ind. 
Harrison, N. J. 
Marion, III. 
Bloomington, Ind. 
Brooklyn 37, N. Y. 
North Adams, Mass. 
St. Marys, Pa. 
Warren, Pa. 

New York 5, N. Y. 
Cleveland, Ohio 


Chicago 50, Ill. 
Brooklyn 37, N. Y. 
New York, N. Y. 
Chicago 22, Ill. 


Wakefield, Mass. 
Redwood City, Calif. 
Kansas City, Mo. 
Columbus !6, Ohio 
Alliance, Ohio 

New York 13, N. Y. 
East Newark, N. J. 
Long Island City, N. Y. 
Chicago 44, Ill. 
Cleveland 14, Ohio 
Rockford, Ill. 
Cleveland 3, Ohio 
Plainville, Conn. 


Burbank, Calif. 


Corning, N. Y. 
Columbus, Neb. 
Chicago 22, Ill. 
Philadelphia 24, Pa. 
Philadelphia 44, Pa. 
West Orange, N. J. 
North Chicago, Ill. 
Keasbey, N. J. 
Sunnyvale, Calif. 


CODE 
LETTER 


AK 
AL 
AM 
AN 
AO 
AP 
AQ 
AR 
AS 
AT 
AU 
AY 
AW 
AX 
AY 
AZ 
BA 
BC 
BD 
BE 
BF 
BG 
BH 
BI 
BJ 
BK 
BL 
BM 
BN 
BO 
BP 
BQ 
BR 
BS 
BT 
BU 
BY 
BW 
BX 
BY 
BZ 
CA 
CB 
CD 
CE 
CF 
CG 
CH 
Cl 
CJ 
CK 
CL 
CM 
CN 
co 
CP 
CQ 
CR 
CS 
CT 
CU 
CV 
CW 


TO DESIGNATE THE MANUFACTURERS 


MANUFACTURER 


Hammerlund Mfg. Co., Inc. 
Industrial Condenser Corp. 
Insuline Corp. of America 
Jennings Radio Mfg. Corp. 
E. F. Johnson Co. 

Lenz Electric Mfg. Co. 
Micro-Switch 

Mechanical Industries Prod. Co. 
Model Eng. & Mfg., Inc. 

The Muter Co. 

Ohmite Mfg. Co. 

Resistance Products Co, 
Radio Condenser Co. 
Shallcross Manufacturing Co. 
Solar Manufacturing Co. 
Sealectro Corp. 

Spencer Thermostat 

Stevens Manufacturing Co. 
Torrington Manufacturing Co. 
Vector Electronic Co. 
Weston Electrical Inst. Corp. 
Advance Electric & Relay Co. 
E. |. DuPont 

Electronics Tube Corp. 
Aircraft Radio Corp. 

Allied Control Co., Inc. 
Augat Brothers, Inc. 

Carter Radio Division 

CBS Hytron Radio & Electric 
Chicago Telephone Supply 
Henry L. Crowley Co., Inc. 
Curtiss-Wright Corp. 

Allen B. DuMont Labs 

Excel Transformer Co. 
General Radio Co. 

Hughes Aircraft Co. 
International Rectifier Corp. 
James Knights Co. 

Mueller Electric Co. 
Precision Thermometer & Inst. Co. 
Radio Essentials Inc. 
Raytheon Manufacturing Co. 
Tung-Sol Lamp Works, Inc. 
Varian Associates 

Victory Engineering Corp. 
Weckesser Co. 

Wilco Corporation 
Winchester Electronics, Inc. 
Malco Tool & Die 

Oxford Electric Corp. 
Camloc-Fastener Corp. 
George K. Garrett 

Union Switch & Signal 

Radio Receptor 

Automatic & Precision Mfg. Co. 
Bassick Co. 

Birnbach Radio Co. 

Fischer Specialties 
Telefunken (c/o MYM, Inc.) 
Potter-Brumfield Co. 

Cannon Electric Co. 

Dynac, Inc. 


Good-All Electric Mfg. Co. 


ADDRESS 


New York |, N. Y. 
Chicago 18, Ill. 
Manchester, N. H. 
San Jose, Calif. 
Waseca, Minn. 
Chicago 47, Ill. 
Freeport, Ill. 

Akron 8, Ohio 
Huntington, Ind. 
Chicago 5, Ill. 
Skokie, Ill. 
Harrisburg, Pa. 
Camden 3, N. J. 
Collingdale, Pa. 
Los Angeles 58, Calif. 
New Rochelle, N. Y. 
Attleboro, Mass. 
Mansfield, Ohio 
Van Nuys, Calif. 
Los Angeles 65, Calif. 
Newark 5, N. J. 
Burbank, Calif. 

San Francisco, Calif. 
Philadelphia 18, Pa. 
Boonton, N. J. 

New York 21, N. Y. 
Attleboro, Mass. 
Chicago, Ill. 
Danvers, Mass. 
Elkhart, Ind. 

West Orange, N. J. 
Carlstadt, N. J. 
Clifton, N. J. 
Oakland, Calif. 
Cambridge 39, Mass. 
Culver City, Calif. 
El Segundo, Calif. 
Sandwich, III. 
Cleveland, Ohio 
Philadelphia 30, Pa. 
Mt. Vernon, N. Y. 
Newton, Mass. 
Newark 4, N. J. 
Palo Alto, Calif. 
Union, N. J. 
Chicago 30, Ill. 
Indianapolis, Ind. 
Santa Monica, Calif. 
Los Angeles 42, Calif. 
Chicago I5, Ill. 
Paramus, N. J. 
Philadelphia 34, Pa, 
Swissvale, Pa. 

New York II, N. Y. 
Yonkers, N. Y. 
Bridgeport 2, Conn. 
New York 13, N. Y. 
Cincinnati 6, Ohio 
New York, N. Y. 
Princeton, Ind. 

Los Angeles, Calif. 
Palo Alto, Calif. 
Ogallala, Nebr. 


CLAIM FOR DAMAGE IN SHIPMENT 


The instrument should be tested as soon as it is received. If it fails to operate 
properly, or is damaged in any way, a claim should be filed with the carrier. A full 
report of the damage should be obtained by the claim agent, and this report should 
be forwarded to us. We will then advise you of the disposition to be made of the 
equipment and arrange for repair or replacement. Include model number and serial 
number when referring to this instrument for any reason. 


WARRANTY 


Hewlett-Packard Company warrants each instrument manufactured by them to 
be free from defects in material and workmanship. Our liability under this warranty 
is limited to servicing or adjusting any instrument returned to the factory for that 
purpose and to replace any defective parts thereof. Klystron tubes as well as other 
electron tubes, fuses and batteries are specifically excluded from any liability. This 
warranty is effective for one year after delivery to the original purchaser when the 
instrument is returned, transportation charges prepaid by the original purchaser, 
and when upon our examination it is disclosed to our satisfaction to be defective. If 
the fault has been caused by misuse or abnormal conditions of operation, repairs 
will be billed at cost. In this case, an estimate will be submitted before the work is 
started. 


If any fault develops, the following steps should be taken: 


1. Notify us, giving full details of the difficulty, and include the model number 
and serial number. On receipt of this information, we will give you service data 
or shipping instructions. 

2. On receipt of shipping instructions, forward the instrument prepaid, to the 
factory or to the authorized repair station indicated on the instructions. If requested, 


an estimate of the charges will be made before the work begins provided the instru- 
ment is not covered by the warranty. 


SHIPPING 


All shipments of Hewlett-Packard instruments should be made via Truck or 
Railway Express. The instruments should be packed in a strong exterior container 
and surrounded by two or three inches of excelsior or similar shock-absorbing material. 


DO NOT HESITATE TO CALL ON US 


HEWLETT-PACKARD COMPANY 

Le aboratery OFnstruments fer Speed and HA, ecuracy 

275 PAGE MILL ROAD PALO ALTO.CALIF. U.S.A. 
CABLE “HEWPACK 


ms al Aor Oo 
n mw ni 


SERVICH NOTES 


® HEWLETT-PACKARD COMPANY + 275 PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S. A. 
; CABLE “HEWPACK” TELEPHONE DAVENPORT 5-4451 
410B-2A 


é) 410A AND 410B VACUUM TUBE VOLTMETERS 


AC PROBE DIODE REPLACMENT PROCEDURE 


The following procedure is recommended when replacing the @P Stock No. 
212-2-01C High Frequency Vacuum Tube Diode in the AC Probe of the @ 
Models 410A and 410B Vacuum Tube Voltmeter. 


INSTALL THE REPLACEMENT DIODE 


Paarhocecaurestom mcehanical replacement of the high frequency diode is not 
Necocsatyvem ine, rear cap and the outer shell or sleeve should not be per- 
mitted to rotate with respect to each other when loosening or tightening 
the knurled retainer ring holding these two parts together. This precau- 
tion is necessary to prevent possible internal damage should the socket 
Bosc yelotte with tespect to the sleeve, 


> ADpiIuUS T THEeHEA TER VOLTAGE 


Set the Voltmeter to the 1 volt AC range and turn on power. Set the heater 
current control, R50, to obtain 5.0 volts rms across the diode heater, 
This ac voltage can be measured between pin 7 of ballast tube V6 and 
chassis ground. Readjust the heater voltage, if necessary, after the volt- 
meter has been operating for at least 15 minutes. 


CHECK ZERO ADJUSTMENT 


Check that it is possible to set the meter pointer to zero with the AC Zero 
eontrolaiteresetting to zero with the DG Zero control. This test is neces- 
GaGyeonly.on the layolt range. The AC Zero control electrical range can 
be adjusted by changing the value of resistor R53. A value of 330 ohms, 
+10%, 1 watt is recommended for R53. This 1 watt resistor is connected 
in parallel with the AC Zero control and is mounted on the rear wafer of 
the Range Selector Switch. 


RECALIBRATE AC RANGES 
For maximum voltmeter accuracy, check the calibration of the AC ranges 
as described in the Operating and Servicing Manual. If calibration above 


400 megacycles is required, refer to Service Note 410A-6 for complete 
.) instructions. 
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MODEL 410B 


HIGH FREQUENCY VACUUM TUBE VOLTMETER 


Manual printed: 6-60 
For Serials Prefixed: O24- 


ERRATA in the Table of Replaceable Parts: 


Fle Change -hp- Stock No. for 0.6 amp fuse to 2110-0016. 
Change -hp- Stock No. for 4 amp fuse to 2110-0018. 


Page V-7: 
Delete item 8 description. Item 8 is part of item 7. 
Change item l2 to ring, retaining; -hp-— Stock No. 
410B—-2lF. This is not included as part of the diode 
socket assembly as indicated. 


Ne Change to tube, electron, 2-010 or HA53; -hp- Stock 
Nos 1920-0010, Mfr., HP 


For instruments equipped with EA53 probe diode: 

The tip and spring for probe diode (items 7 and 8 on 
page V-7) are available under —hp- Stock No. 410B-21P, 
Mfr., HP 


ERRATA in the Table of Replaceable Parts, under MISCELLANEOUS: 
Fuseholder: Change —hp-— Stock No. to read 1400-0084. 


- Add the following under step 4 of paragraph 4-2 (Replacing VI): 
If EA54 probe diode is used, adjust R50 to obtain 6.3 volts rms. 


Two different types of probe diode tubes are available for Vl: 

the 2-01C (-hp- Stock No. 1920-0008) manufactured by Eitel- 
McCullough, Inc., and the EA53 (-hp- Stock No. 1920-0010) manu- 
factured by Amperex Electronic Co. These tubes are interchangeable; 
however, each type requires a different plate contact and attaching 
spring, and a different heater voltage. The proper plate contact 
and spring are supplied with each replacement diode (-hp- Stock 
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MODEL 410B — Page 2 


No. 410B-21P for the EA53; 410B-21N for the 2-016). me p 
voltage for the 2-01C is 5 volts rms; for the EA53, 
When the type of diode is changed, minor adjustment of 
required to obtain exact ma tagere voltage. 
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